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ABSTRACT 
A MODEL OF EDUCATIONAL PRODUCTIVITY FOR SCIENCE 
FOR SECONDARY-TWO STUDENTS IN SINGAPORE 
FEBRUARY 1993 
FOONG YOKE YEEN, B.SC,(HONS), UNIVERSITY OF LONDON 
M.A. IN SC.ED., UNIVERSITY OF LONDON 
ED.D., UNIVERSITY OF MASSACHUSETTS 
Directed by: Professor Klaus Schultz 
Various factors have been reported to affect science 
learning outcomes, some of which are school, home and 
individual or self variables, A plethora of studies have 
been done in many countries in identifying and measuring 
relationships among perception of the science teacher, peer 
influence, home environment, parents* education level, 
classroom environment, ability, prior achievement, homework, 
amount of television watched, attitudes to science and 
science achievement. However, there are very few studies 
done in identifying the direction of causality in these 
relationships. A study of this nature has not previously 
been conducted in Singapore. Evidence for these directional 
links was sought in this study in the Singapore context. 
This study used causal modeling procedures to test 
causal inferences about hypothesized relationships among 
ability, prior achievement, motivation, peer influence, 
classroom environment, amount of television watched, home 
environment, parents* education level, student perception of 
the science teacher, homework, attitudes to science, and 
science achievement for a secondary~two (equivalent to grade 
8) sample of Singaporean students. A model of educational 
productivity appropriate to the sociocultural context of 
Singapore was conceptualized and tested. 
The analysis showed that the data for both the gender 
groups did not contradict the model. This indicated the 
viability of the model. Attitudes to science affected 
achievement in science? the converse was not true. Neither 
was the relationship two-way. Prior achievement, ability, 
motivation, classroom environment, and attitudes to science 
emerged as the significant and consistent predictors of 
achievement in science. Hence, concerted efforts should be 
directed to raising the motivation level, improving the 
classroom environment, and enhancing the students* attitudes 
to science since these are the more alterable variables. 
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CHAPTER 1 
THE PROBLEM 
1c1 Introduction 
Education is a large enterprise in Singapore, taking 
into account the number of people involved, the value of 
the human time required, and the capital and operating 
expenditures budgeted. Since Singapore is a small country 
(of 2.7 million people and land area of 240 square miles) 
lacking in valuable minerals and arable land, people are 
important assets. It is very true that the wealth of a 
country depends on the abilities of the people, making it 
imperative that education should be considered as a useful 
investment rather than mere consumption. With the emphasis 
on knowledge industries in Singapore, concerted efforts 
should be directed to improving learning in the sciences. 
In the quest for educational excellence, academic 
achievement features most prominently among all the other 
educational outcomes. It is hoped that students could be 
stretched to their maximum in their educational 
accomplishments given the link between science education 
and economic productivity (Walberg, 1991). 
1.2 Background of the Problem 
The research findings of a Nobel prizewinner in 
economics, Theodore W. Schultz show how investments in 
education and other forms of human capital raise economic 
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productivity (Schultz, 1981). Many studies, which he cited, 
reveal that throughout the world - including the less 
industrialized nations - the abilities of people, coupled 
with advances in knowledge, have raised their economic 
standing, and with it, other aspects of life that contribute 
to their overall sense of well-being. Information and 
skills acquired in school and through work experience, 
improved childcare, and other human investments in education 
and health have paid high economic returns. As Adam Smith 
said two centuries ago in his treatise, An Inquiry into the 
Nature and Causes of the Wealth of Nations (1776), the 
wealth of a nation depends in part on the skills and 
knowledge of its people (cited in New Encyclopedia 
Britannica, 1991). 
This is well borne out by the unprecedented success of 
Japan's recovery from its devastation after the Second World 
War. Japan has always placed a premium on investments in 
human knowledge and skills, and has imported and improved 
Western technology. This is a continuation of its more than 
century old tradition (beginning with the Meiji Restoration 
in 1868) of importing, infusing, and adapting Western 
knowledge and techniques and the spirit of capitalism 
(New Encyclopedia Britannica, 1991). Emperor Meiji Tenno 
himself declared that intellect and learning would be sought 
from throughout the world. Efforts at modernization 
required Western science and technology, and Western culture 
was widely promoted under the banner of "Civilization and 
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Enlightenment" (bunmei kaika) . It is not surprising that 
Japan intends to make Tokyo the information capital of the 
world and to develop fifth-generation computers that can 
listen, speak, and exercise perception and intelligence. 
As Schultz said, science is a special form of "human- 
made" capital; it is embodied in scientific literature, in 
economically productive developments such as computers and 
rootless bean sprouts, and in human beings. To increase our 
knowledge of science requires the investment of resources - 
chiefly the effort and time of people - to gain future 
satisfaction and returns. Increased literacy in science and 
technology which is the consequence of such sacrifices has 
been far more important to the industrialization of the West 
than is generally acknowledged. 
In the statement of the goals of science education, the 
affective domain is commonly acknowledged to be as important 
as the science content and the science process skills 
involved in science learning. In school examinations in 
Singapore, science content has always been assessed, and of 
late there has been an emphasis on assessing science process 
skills. Yager and McCormack (1989) developed a taxonomy of 
science educators' concerns for teaching, assessing, and 
curriculum development. The five domains they offered 
include not only the information domain (knowing and 
understanding), process of science domain (exploring and 
discovering), applications and connections domain (using and 
applying), but also the attitudinal domain (feeling and 
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applying), but also the attitudinal domain (feeling and 
valuing) and the creativity domain (imagining and creating). 
Although attitudes toward science have not been used in 
large-scale formal assessments as a measure to ascertain a 
student*s overall performance for science, a student*s 
attitudes toward science have been shown in research studies 
to influence his or her performance in science. A number of 
surveys on science attitude, such as those conducted by the 
National Assessment of Educational Progress (NAEP, 1979), 
Hofstein and Welch (1984), Khoury and Voss (1985), and 
Simpson and Oliver (1990), have indicated that student 
attitudes are generally poor regarding their perceptions of 
science study, science, and science teachers as well as of 
their abilities in science. 
1.3 Purpose of the Study 
This study used causal modeling procedures to test 
causal inferences about hypothesized relationships among 
ability, prior achievement, motivation, peer influence, 
classroom environment, home environment, parents* education, 
student perception of the science teacher, homework for 
science, and attitudes to science and science achievement, 
for a secondary-two (eguivalent to grade 8) sample of 
Singaporean students. The hypotheses which were tested 
were: 
1. Prior achievement, motivation, peer influence, 
classroom environment, home environment, parents* 
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education, perception of the science teacher, amount 
of television watched, and homework for science, 
influenced attitudes to science. 
2. Prior achievement, ability, classroom environment, 
parents* education, perception of the science 
teacher, amount of television watched, homework for 
science, influenced achievement in science. 
3. Attitudes to science influenced achievement in 
science. 
4. Achievement in science influenced attitudes to 
science. 
5. Attitudes to science influenced achievement in 
science and achievement in science influenced 
attitudes in science. 
Hence, the interactive relationship between attitudes 
to science and achievement in science, and whether attitudes 
to science were both an outcome and antecedent of 
achievement, were examined. 
1.4 Research Questions 
There were several questions investigated in the course 
of the study for a secondary-two sample of Singaporean 
students. These were: 
1. Were prior achievement, motivation, peer influence, 
classroom environment, home environment, parents' 
education, perception of the science teacher, amount 
of television watched, and homework consistent and 
powerful predictors of attitudes to science. 
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2. Were ability, prior achievement, classroom 
environment, parents' education, perception of the 
science teacher, amount of television watched, and 
homework consistent and powerful predictors of 
science achievement? 
3. What were the variables mentioned above which did not 
have a direct effect on science achievement but had 
an indirect effect mediated by attitudes to science? 
4. What is a model of educational productivity for 
science appropriate to the sociocultural context of 
Singapore for secondary-two students? 
5. Did attitudes in science influence science 
achievement or was the converse true? Was there a 
reciprocal causality between attitudes to science and 
science achievement? In other words, was there a 
nonrecursive model in which attitudes to science 
affected science achievement and science achievement 
affected attitudes to science simultaneously? 
1.5 Significance of the Study 
Many research studies have been carried out to identify 
and measure relationships among perception of the science 
teacher, classroom environment, home environment, parents' 
education, ability, prior achievement, motivation, attitudes 
to science, and science achievement in a variety of 
countries. However, there are very few studies done in 
identifying the direction of causality in these 
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relationships (Steinkamp & Maehr, 1983? Schibeci & Riley, 
1986). A study of this nature has not been conducted in 
Singapore. Evidence for these directional links was sought 
in this study in the Singapore context. 
Heyneman and Loxley (1983) reported that there can be 
many differences across nations in the contributions of 
various facets of school learning to academic achievement. 
This study would, therefore, take into consideration the 
sociocultural context of Singapore which is quite distinct 
from that of the United States, United Kingdom or Australia, 
where most studies have been conducted. Its ethnic 
composition is about two thirds Chinese, and the other third 
comprises mainly Malays and Indians. Singapore is only 25 
years old and has emerged from an under-developed country to 
a nation with an emphasis on industries and high information 
technology. Mothers are encouraged to work and many 
students have to take care of themselves when their parents 
are at work. Singapore is densely populated (11,325.0 
persons per square mile), and more than 90% of its 
population live in high-rise apartments. 
The theoretical and practical understanding derived 
from the results of this study would be relevant to science 
teachers, university educators, and school administrators as 
policy decisions in science education are made in the future 
in Singapore. The identification of consistent and powerful 
predictors of science learning outcomes would help educators 
to direct concerted efforts in the right direction to 
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examine science programs and to raise educational 
productivity among the students. 
Although sociocultural contexts vary in different 
countries, the results from this study could provide 
hypotheses for causal links in some developing countries. 
The methodology used in this study could be used for testing 
other hypothetical causal models. 
1.6 Definition of Terms 
Educational Productivity - Research on educational 
productivity can be defined as studies of factors which 
affect or "produce" student cognitive and attitudinal 
outcomes. 
Science Learning Outcomes - In this study, science 
learning outcomes are seen in terms of the cognitive and the 
attitudinal domains viz. student achievement in science and 
attitudes to science. A science achievement test measures 
learning that has occurred as a result of experiences in a 
relatively circumscribed learning situation, such as a 
classroom. The focus is on what has been learned (Brown, 
1982) . 
In this study, attitude is defined as "a relatively 
enduring system of affective, evaluative reactions based 
upon and reflecting the evaluative concepts or beliefs which 
have been learned about the characteristics of a social or 
class of social objects" (Shaw and Wright, 1967). An 
attitude is also considered to be "a property of an 
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individual personality, less enduring than temperament, but 
more enduring than a motive or a mood" (Thomas, 1978[?]). 
Ability - Ability is defined as the power to perform a 
task (Brown, 1982) . An ability test measures the results of 
broad learning experiences and has a present reference 
(Brown, 1982). 
Prior Achievement - Prior achievement is taken to be 
the T-score of the Primary School Leaving Examinations 
(PSLE) taken at the end of six years of education in an 
elementary school. The subjects examined were English, a 
second language (that the students chose at the primary 
level), mathematics and science. 
Motivation - Motivation is defined as a propensity for 
wanting to do well in science, studies and life, and for 
studying science on one's own accord. 
Peer Influence - Peer influence refers to the influence 
of one's peers in a person's desire to study and to be 
interested in science and a good career, and an influence to 
participate in activities unrelated to studies. 
Student Perception of the Science Teacher - Student 
perception of the science teacher is defined as whether the 
students view their science teachers as knowledgeable, 
competent, or enthusiastic in the course of their teaching 
and whether they view science teachers as caring and 
supportive of the students* pursuit of excellence in 
science. 
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Classroom Environment - The classroom environment 
refers to the participation, order and organization, 
satisfaction, cohesiveness, goal direction, and related 
social-psychological climate of the classroom group as 
perceived by students. 
Home Environment - The home environment is taken to be 
the social and psychological stimulation accorded to the 
student's academic development by parents or guardian in the 
home. 
Parents1 Education - It is defined as the level of 
education received by the mother and the father. The level 
of education of the guardian if any, is not taken into account. 
Homework - Three aspects of homework are considered - 
the time spent on homework for science (the average number 
of hours spent by the students per day); the frequency of 
homework assigned to students? and the frequency with which 
homework for science is corrected and given marks or 
comments or grades. 
Time Spent on Watching Television - The time spent on 
watching television is the average number of hours of 
television watched by the student per day. 
1.7 Delimitations of the Study 
Science learning can largely be understood as a complex 
of a relatively small number of underlying factors. No 
single factor alone can produce marked increases in 
learning. This research was a macro study in education and 
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as such it sought to identify factors that have wide 
generalizability. Thus the factors are influential for a 
wide range of situations, students, and teachers. Such 
generalizations are inevitably approximations and do not 
indicate the variations that may be found in specific 
situations. Although every situation and every individual 
is in some respects unique, some degree of understanding can 
be obtained by approximate predictions. 
In view of time limitations of the study, the 
collection of the data was in one session totaling 4 hours. 
This time frame chosen could be the cause for some students 
suffering from fatigue, giving rise to measurement errors. 
Measurement errors might also arise from other sources, 
e.g., from the assumption that the students would perform as 
they did typically for their examinations, and that their 
responses to the questionnaires were truthful. 
Ideally the measurement of the independent variables 
should precede that of attitudes to science which, in turn, 
should precede that of science achievement. In practice, 
the measurement of the variables could not be done in this 
chronological order. However, for at least some of the 
variables (like prior achievement and ability) one can make 
a case that they are reasonably stable over time, so that 
this is not a serious limitation. The chronology of other 
variables was assumed. The direction of the causal chain in 
my model (Chapter 3) suggested the chronology; attitudes to 
11 
science -> science achievement. It was also assumed that 
there were no omitted causes in the model. 
One can see from the literature that some variables are 
difficult to define and measure. Consequently, there is 
partial or no consensus on the definitions and no single 
definitive measurement instrument for some of the variables. 
Moreover, some variables are not, in and of themselves, 
of substantive value, for example, parental level of 
education. Instead, the factors that are associated with 
them are of real interest, for example, personality, 
intelligence, and opportunity. By contrast, those factors 
do not easily lend themselves to measurement. However, 
these variables may serve as reasonable proxies for the 
"true1* variables. 
12 
CHAPTER 2 
LITERATURE REVIEW 
2.1 Introduction 
Various factors have been reported to affect science 
learning outcomes, some of which are school, home and 
individual or self variables. Many variables have been 
found to have some influence on learning outcomes (e.g., 
Glassman & Biniaminov, 1981; Kremer & Walberg, 1981; Lawson, 
1983; Baker, 1985; Tamir, 1985; Welch, Walberg & Fraser, 
1986; Fraser, Walberg, Welch & Hattie, 1987; Fraser, 1989; 
Twoli & Power, 1989; Simpson & Oliver, 1990; Walberg, 1991). 
Below is the research related to educational productivity 
factors. 
2.2 Educational Productivity 
Learning can be optimized by drawing on research. For 
more than two decades, there has been a large effort on the 
part of educational researchers to identify the theoretical 
constructs or productivity factors that may have an 
influence on the achievement and attitude scores of 
students. 
Resembling early agricultural experimentation, much 
educational research focuses on the relation between a 
single cause and its effect. However, education involves 
numerous means and ends, each with an implicit or explicit 
cost or value. Increasing the efficiency requires the 
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specification and measurement of the main causes, means, or 
"factors" of production. 
In numerous industries, experiments and statistical 
studies of productivity data together with value and cost 
estimates have led to increases in the value of the 
industries* output and to reduced costs, thereby improving 
the quality of human life. Although such thinking might 
seem foreign to some people, the public ranked research on 
educational productivity higher in priority than scientific 
investigation in most other natural and social sciences 
(Gallup, 1983). Walberg (1984) urged educators to think 
more explicitly and unsentimentally about their business and 
try to found it on the emerging consensus of scientific 
evidence. It should be added that in the domain of 
educational productivity, it is difficult to estimate 
explicit costs and values. It is equally difficult to 
estimate the magnitude of effects of education inputs on 
outputs. 
2.3 Science Learning Outcomes 
Education can be considered a social enterprise seeking 
to help people acquire understandings, skills, attitudes, 
interests, and appreciations. However, the present dominant 
conceptions of educational achievement are inadequate (Cole, 
1990). Much of the field can be characterized as research 
where cognitive achievement has been used as the student 
outcome measure more than other valued educational ends such 
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as attitudes, skills, etc. (Hoge & Coladarci, 1989; 
Reynolds, 1991). 
Work in the development and measurement of student 
attitudes is not as advanced as that in the cognitive 
domain, although there has been considerable activity. The 
Project Synthesis team (Harms & Yager, 1981) specified a 
number of desired attitude outcomes. A need is seen for 
clearer understanding of the role that attitudes play in 
understanding science, influencing future behavior, and 
affecting future career choices in science and technology. 
In addition to cognitive achievement and positive 
attitudes, another important outcome in science is skills. 
Skills in science denote the techniques students learn in 
science classrooms and laboratories. Examples include 
taking measurements, reading meters, and planning and 
conducting experiments. Some work has been done on methods 
for measuring process skills, especially at the lower 
grades. Observation, classification, and categorization 
tests have been developed and used, but they have yielded 
inconclusive results (Mallinson, 1977). With directed 
efforts, students have shown gains on process skill 
measures, but with a concomitant loss in content knowledge. 
No significant gains in skills were detected in other 
studies. Some researchers have attempted to measure 
laboratory performance skills and have developed new 
techniques (Butts, 1981). In a review, Gallagher (1987) 
concluded that the effects of laboratory instruction on 
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skills were unclear, and its claimed benefits had been 
difficult to demonstrate and measure. Practical tests are 
not normally included in assessment of students because of 
their high costs and inconvenience. Outcomes in the 
psychomotor domain are considered important, but the 
barriers to effective development are formidable. 
2.4 Attitudes 
Attitude can be considered as having three components 
(Triandis, 1978): cognition, affect and behavior. This can 
be shown diagrammatically as follows: 
att: :tude 
COGNITION AFFECT BEHAVIOR 
Knowledge the 
person has about the 
object. Refers to 
his thoughts, 
beliefs and ideas. 
Feelings the person 
has. Refers to his 
feelings or his 
emotional response. 
Behavioral 
tendencies of a 
person. Refers 
to how he tends 
to behave toward 
the object. 
Figure 2.1 
The Three Components of Attitude 
These three components are often taken to be a 
'‘balanced*1 system, each dependent to a certain extent upon 
the others. An increase of knowledge about the object in 
question will lead to a change in beliefs about it, 
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resulting in changes in feelings and behavioral intentions 
towards it. 
However, the problem about this tripartite view of 
attitude is that the three components may not always go 
together. For example, attitudes which are predispositions 
to respond may or may not lead to a certain behavior. 
Before considering research studies examining the major 
influences on attitudes and achievement in science, there is 
a need to look into the literature concerning science- 
related attitudes. Science-related attitudes can be 
categorized into two major areas: scientific attitudes and 
attitudes to science (Munby, 1980; Schibeci, 1984). 
Scientific Attitudes - Scientific attitude can be subdivided 
into three broad groups (Gauld & Hukins, 1980): 
1. general attitude towards ideas and information, for 
example, curiosity, skepticism, open-mindedness and 
creativity, 
2. attitudes related to the evaluation of ideas and 
information, generally labelled as critical 
mindedness and associated with attributes like 
objectivity, intellectual honesty and caution in 
drawing conclusions and making decisions, and 
3. commitment to particular scientific beliefs such as 
loyalty to verifiable results, and skepticism toward 
unsupported claims. 
Attitudes to Science - As regards attitudes to science, 
Gardner (1975) associated them with variables described by 
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terms such as interest, satisfaction and enjoyment. Munby 
(1980) described attitudes to science as involving attitudes 
to: 
1. science careers (science career preferences or 
occupational interests), 
2. science instruction (attitudes to teaching science, 
to science activities or to specific science 
courses), 
3. the institution of science, 
4. specific science issues (such as the use of reclaimed 
water, nuclear reactors, pollution, etc.), and 
5. scientific processes. 
Research Pertaining to Science-related Attitudes and 
Other Factors - Research on the bivariate relationship 
between attitude and achievement had in the past been rather 
inconclusive. Richmond (1978) reported correlation 
coefficients ranging from 0.36 to 0.45 in his bivariate 
investigations of achievement and attitudes. Hough and 
Piper (1982) also reported correlation coefficients of 0.45 
in their bivariate studies. However, Haddock (1978) 
reported correlation coefficients ranging from 0.07 to 0.32. 
Data from the longitudinal study by Simpson and Oliver 
(1990) supported a strong attitude-achievement relationship. 
Bloom (1976) estimated that affective entry characteristics 
could account for up to one-fourth (r = 0.50) of the 
variance on relevant cognitive achievement measures. 
18 
Eisenhardt (cited in Schibeci, 1984) in his study 
involving 70,000 students concluded that achievement 
influenced attitudes more often than the reverse. Schibeci 
and Riley (1986) in their secondary analysis of NAEP data 
found that the reverse was true. Marjoribanks (1976) in his 
multivariate study reported a significant link between 
attitudes and achievement. He found that at each attitude 
level, increases in cognitive ability were associated with 
increments in academic achievement and that at different 
ability levels, increases in attitude scores were related to 
increments in achievement. 
In his meta-analysis of 43 studies of the relationship 
between science achievement and science attitude of students 
from kindergarten through college, Willson (1983) reported a 
mean overall correlation of 0.16, with values ranging 
between -0.18 to +0.48. Steinkamp and Maehr (1983) reported 
correlations of 0.19 for males and 0.18 for females between 
affect and achievement in their meta-analysis. In a review 
of studies examining the relationship between attitudes and 
general academic achievement, Kahn (1969) found correlations 
ranging from 0.51 to -0.23. 
According to a longitudinal study carried out by Punch 
and Rennie (1989), they found that affect was related more 
strongly to previous than to subsequent achievement, and 
that students* perceptions of their past performance in 
science formed the most important component variable of 
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science-related affect associated with both previous and 
subsequent achievement. 
Piagetian tasks, scientific ability and intelligence 
were found to be positively correlated to attitudes to 
science (Lawson, Nordland & DeVito, 1975? Hodson & Freeman, 
1983? Fraser, 1980). Socioeconomic status correlated close 
to zero with student attitudes (Malone and Fleming, 1983). 
Research on Attitudes to Science - A major finding from 
a longitudinal study by Simpson and Oliver (1990) was that 
positive attitudes to science dropped each year within a 
large population of students from grades 6 to 10, with the 
greatest drop always occurring from beginning to middle of 
school year. The steady decline in attitudes across grades 
from sixth to tenth resulted in an overall attitude at the 
end of the tenth grade being near neutral. They found that 
attitudes to science were consistently higher among boys. 
Interpretation of Attitude Research - In examining the 
literature in attitude research, it is necessary to exercise 
caution in interpreting the results in view of the distinct 
differences between attitudes to science and scientific 
attitude. Moreover, Munby (1983) and Schibeci (1984) in 
their reviews of attitudes to science, lamented the dearth 
of valid attitude scales in science education. Schibeci 
highlighted the fact that science educators have mostly 
disregarded the psychometric technology which, if used, 
would have definitely enhanced the validity of attitude 
assessment tools over the years. In many cases, 
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instrumentation proved to be inadequate, making it difficult 
to draw generalizations especially for meta-analysis 
studies. Reliable and valid instrumentation is essential. 
For example, in the first International Association for the 
Evaluation of Educational Achievement (IEA) assessment in 
science education, many attitude scales did not meet 
acceptable levels of reliability and had to be dropped. 
Only four were eventually included in the analyses (Fraser, 
et al., 1987)o Moreover, there is some ambiguity and 
confusion in the attitude concept as researchers are 
inclined to provide their own working definitions of 
attitude. The main problem is that attitude research and 
attitude theory have developed more or less without 
reference to each other. Correlational studies of science 
achievement with attitudes to science may not give a true 
relationship if other factors are not controlled. 
2.5 Aptitude, Ability, and Motivation 
From previous studies, aptitude was among the strongest 
and more consistent predictors of both science achievement 
and attitude. Some viewed measures of aptitude in terms of 
ability, development, motivation, and prior achievement. 
Boulanger (1981), and Fleming and Malone (1983) found that 
the best predictors of science achievement were ability, 
mathematics, and language. Bloom (1976) reported 
correlations of 0.77 between prior achievement and 
subsequent achievement with a time difference of one year, 
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and 0.74 with a time difference of 2 or more years. What 
the pupil brought to the learning task (prior achievement, 
stage of development, intelligence, and related skills) were 
major determinants of subsequent learning. 
Fraser et al. (1987) in their secondary analysis of 
data collected from large samples of 17-, 13-, and 
9-year-old students involved in the National Assessment of 
Educational Progress in Science in the United States in 
1981-82 found ability and motivation correlating positively 
with science achievement (0.30 to 0.48, and 0.23 to 0.27 
respectively). 
In a quantitative synthesis of forty motivation and 
achievement studies for grades 1 to 12, Ugurogla and Walberg 
(1979) reported a mean correlation of 0.34, which indicated 
that motivation measures, on average, account for 11.4% of 
the variance in achievement. It was found that motivation 
and achievement were more highly correlated in students in 
later grades, which might be attributable to older students* 
wider and longer experience in comparing their ability and 
performance to age peers. 
Walberg*s nine-factor model of educational productivity 
suggested that the three student aptitudinal variables of 
ability, development, and motivation were key predictors of 
learning. The synthesis of meta-analyses of Fraser et al. 
(1987) revealed strong average correlations for two of these 
factors, viz., ability or cognitive background (r = 0.44) 
and motivation or disposition to learn (r = 0.29). 
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According to Walberg (1984), IQ was a strong correlate 
of general academic learning but only a moderately strong 
correlate of science learning as shown in Table 2.1. A 
student*s Piagetian stage of development correlated 
moderately with both general and science learning. 
Table 2.1 
Influences of Aptitude on Learning 
Aptitude Correlation Correlation 
Ability 
IQ .71 XXXXXXX 
IQ(Science) .48 XXXXX 
Development 
Piagetian Stage .47 XXXXX 
Pia. Stage (Science) .40 XXXX 
Motivation 
Motivation .34 XXX 
Self-Concept .18 XX 
Notes The X symbols represent the sizes of the 
correlation coefficients in numbers of tenths. 
(Taken from Walberg, 1984) 
Motivation and self concept were relatively weaker 
correlates. Student aptitudes might be less alterable than 
instruction. According to Walberg (1984), positive home 
environments and good instruction affected them. 
In a long analysis of the degree of inheritance of IQ, 
Jencks et al. (1972) concluded that about 45% of the 
variance of IQ scores of the U.S. population was due to 
variation in genes, about 35% was due to variation in 
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environment, and 20% could not be allocated because it was 
due to the correlation between the genes of a person and his 
environment. However, they also added that, given the state 
of the evidence, these allocations might easily be off as 
much as 20%, due to the fact that heritabilities estimated 
in different ways disagreed. 
Jencks et al. (1972) reported that children's IQ was 
the dominant determinant of adult cognitive abilities, with 
years of education (usually a measure of the college/ 
noncollege distinction) an important supplementary cause. 
They argued that since children's intelligence scores were a 
dominant determinant of years of education, years of 
education and adult intelligence were almost the same 
variable. Whatever that mixed variable was - true 
competence or certificates - it was by far the dominant 
cause of what level of job people get. 
Tamir (1989) treated a home-school blend interaction as 
a personal variable. In his study, this variable 
represented a combination of interests, motivation, 
aspirations for further studies and for science careers, as 
well as study practices and efforts such as time devoted to 
science homework, reading science material beyond the 
textbook, trying one's best in science classes, and liking 
to study science more than other subjects. He found that 
this variable was a strong correlate of achievement. 
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2.6 Instruction 
Many research studies have been carried out to identify 
interventions, or factors that could be transformed into 
interventions, to improve achievement. From syntheses of 
thousands of research studies, Walberg (1984) identified 
various interventions for instruction with their effect 
sizes as shown in Table 2.2. The effect sizes indicate the 
differences between the means of the experimental and 
control groups expressed in standard deviation units for the 
control group. 
Of all the interventions, the psychological components 
of mastery learning ranked first and fourth in their effects 
on educational outcomesi Skinnerian reinforcement or reward 
for correct performance had the largest overall average 
effect of 1.17 standard deviations; instructional cues, 
engagement, and corrective feedback had effects equal to 
about a standard deviation. A separate synthesis of mastery 
programs in science showed a mean effect of 0.8. 
Second on the list was acceleration programs which 
provided advanced activities to students with outstanding 
test scores. Students in these programs did better than 
comparable control groups. 
Ranking third in instructional impact was reading 
training which referred to programs that coach learners in 
adjusting reading speed and techniques to purposes such as 
skimming, comprehension, and finding answers to questions. 
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Table 2.2 
Effects of Instructional Quality and Time on Learning 
Method Effect Size Effect Size 
Reinforcement 1.17 xxxxxxxxxxxx 
Acceleration 1.00 xxxxxxxxxx 
Reading Training 
.97 xxxxxxxxxx 
Cues and Feedback 
.97 xxxxxxxxxx 
Science Mastery Learning .81 xxxxxxxx 
Cooperative Learning .76 xxxxxxxx 
Reading Experiments 
.60 xxxxxx 
Personalized Instruction .57 xxxxxx 
Adaptive Instruction .45 xxxxx 
Tutoring 
.40 xxxx 
Individualized Science .35 xxxx 
Higher-Order Questions .34 XXX 
Diagnostic Prescriptive Methods .33 XXX 
Individualized Instruction o 32 XXX 
Individualized Mathematics .32 XXX 
New Science Curricula .31 XXX 
Teacher Expectations .28 XXX 
Computer Assisted Instruction .24 XX 
Sequenced Lessons .24 XX 
Advanced Organizers .23 XX 
New Mathematics Curricula .18 XX 
Inquiry Biology .16 XX 
Homogenous Groups .10 X 
Class Size .09 X 
Programmed Instruction -.03 c 
Mainstreaming -.12 -X. 
Instructional Time • 38* xxxx 
Note: The symbol X represents the effect size in number of 
tenths of standard deviations. 
This effect size is the correlation between learning and 
instructional time. 
(Taken from Walberg, 1984) 
There were several other interventions with strong 
effects ranging from 0.3 to 0.8. These included cooperative 
learning and personalized instruction. On the other hand, 
there were some interventions with moderate to small 
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effects. Some highly touted programs had small and even 
negative effects. 
As shown in the last line of Table 2.2, instructional 
time had an overall correlation of about 0.4 with learning 
outcomes. It was neither the chief determinant nor a weak 
correlate of learning. Like the other essential factors, 
time appeared to be a necessary ingredient but insufficient 
by itself to produce learning. Unlike the other factors, 
time can be measured on a ratio scale with equal intervals 
between scale points and a true zero point. 
However, there are studies with diametrically opposed 
outcomes from Walberg*s syntheses of research studies on the 
quantity and quality of instruction. For example, in a 
study within the framework of the Second International 
Association for the Evaluation of Educational Achievement 
(IEA) Science Study, Tamir (1989) found that the quantity of 
instruction - designated as opportunities to learn - had 
substantial effect, while the quality of instruction had 
only small detectable direct effects. Welch et al. (1986) 
found that quantity and quality of schooling were not 
predictors of science learning. It was the individual and 
environmental characteristics that were most highly 
important in their study of 9-year-olds. 
2.7 Environments 
From the syntheses of research studies of the 
supportive or supplemental factors, the findings of Walberg 
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(1984) can be summarized in Table 2.3, which shows the 
effect sizes of home, peer, class morale, and media on 
learning. Although some studies have shown that these 
factors were strong influences on learning, they have been 
ignored in some national reports and in instructional 
theories. 
2.7.1 Homework 
Ranking at the top of the list in Table 2.3 was 
homework that was graded or commented upon, which had three 
times the effect of socioeconomic status (SES). However, 
homework that was merely assigned had an effect comparable 
to SES. The Japanese and Europeans believed that homework 
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helped learning? empirical results of American research 
supported their belief (Walberg, 1984? Applebee, et al., 
1989) . 
Table 2.3 
Home, Peer, Class Morale, and Media Effects 
Method Effect Size Effect Size 
Graded Homework 
Class Morale 
Home Interventions 
Home Environment 
Assigned Homework 
Socioeconomic Status 
Peer Group 
Television 
.79 XXXXXXXX 
.60 XXXXXX 
.50 XXXXX 
.37 XXXX 
.28 XXX 
.25 XXX 
.24 XX 
-.05 X. 
Note: The X symbols represent the sizes of effects 
in tenths of standard deviations or correlations. 
(Taken from Walberg, 1984) 
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However, there have been wide swings in public attitude 
over the assignment of homework. This predicament was 
further aggravated by reviews of homework research which 
gave appraisals that generally fitted the tenor of their 
times (Cooper, 1989). Homework research had been abused - 
cases had been mustered to support any stance through 
selective attention and imprecise weighting of the evidence. 
Some researchers argued that compulsory homework did not 
result in sufficiently improved academic accomplishments to 
justify its retention. Wildman (1968) even said that 
"whenever homework crowds out social experience, outdoor 
recreation, and creative activities, and whenever it usurps 
time devoted to sleep, it is not meeting the basic needs of 
children and adolescents." 
In his study carried out in Israel, Tamir (1985) 
reported that most students valued the contribution of 
various kinds of science homework to learning but only half 
of the Arabs and a third of his Jewish sample stated that 
homework contributed to the enjoyment of their studies. 
In the 1980s, the beneficial effects of homework were 
again recognized. From a synthesis of research on homework, 
Cooper (1989) found that homework had a positive effect on 
achievement, but the effect varied dramatically with grade 
level. For high school students, homework had substantial 
positive effects. Junior high school students also 
benefitted from homework, but only about half as much. For 
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elementary students, the effect of homework on achievement 
was negligible. 
The optimum amount of homework varied with grade level. 
Cooper reported that no amount of homework affected 
achievement for elementary students. For junior high school 
students, achievement continued to improve with more 
homework until assignments lasted between one and two hours 
a night. For high school students, within reason, the more 
homework, the better was the achievement. Homework worked 
best when the material was not too complex nor completely 
unfamiliar. 
Coleman et al. (1966) also found substantial effects of 
homework on achievement. In a variety of comparative 
world-wide studies conducted by the International Assessment 
for the Evaluation of Educational Achievement (IEA), Wolf 
(1979) found that time spent on homework was consistently 
among the best predictors of achievement compared with other 
student characteristics after controlling for ability. 
Keith (1982) studied the causal effects of homework time on 
high school seniors* achievement as measured by grades. 
With a sample of more than 20,000 students and using path 
analysis, he found that the direct effect of time spent on 
homework upon achievement was second only to that of 
intellectual ability, and with one to three hours of 
homework a week, the average low ability student could 
achieve grades commensurate with an average high ability 
student who did not do homework. Keith suggested that 
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"increased homework demand might increase both student 
achievement and confidence in the schools." 
2.7.2 Class Morale 
Ranking second in the list was the class morale or the 
classroom environment which referred to the participation, 
order and organization, satisfaction, cohesiveness, goal 
direction, and related sociopsychological properties or 
climate of the classroom group as perceived by students. 
Many studies have been conducted on the effects of 
perceptions of classroom psychosocial environment on 
learning. Student perception of the science classroom had 
been shown to be positively correlated with achievement and 
attitude (Anderson, 1970? Fraser & Fisher, 1982). In a 
study conducted by Lawrenz (1976), it was found that student 
perceptions of the learning environment accounted for 13% to 
46% of the variance in science achievement and about 30% of 
the variance in attitudes toward science. Considerable 
research in North America, Australia, Israel, India, and 
other countries had shown relationships between classroom 
environment scales and student performance in science. 
Fraser et al. (1987) claimed that appreciable amounts of 
outcome variance were explained beyond student entry 
characteristics such as IQ and pretest scores in several of 
these studies. Fraser and Fisher (1982), among others, 
found student perceptions of the science classroom to be 
positively correlated with both achievement and attitude. 
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Under a stringent probe in a secondary analysis of NAEP data 
for 13-year-olds, Walberg et al. (1981), found that the 
class sociopsychological environment was the only 
unequivocal cause of science learning. 
In a longitudinal study on adolescent students, Simpson 
and Oliver (1990) found that school (particularly classroom) 
variables were the strongest influences on attitude toward 
science. While individual and home influences did 
contribute significantly, they found that the basic feelings 
an adolescent formulated toward the enterprise of science 
and toward his further involvement with science courses was 
in a large measure mediated by the science classroom. 
2.7.3 Peer-group Influence 
Some studies had shown a non-significant effect of 
peer-group influence in educational productivity studies 
(Walberg, et al., 1981). Yet others indicated that the 
influence of the peer-group outside of school was moderate 
and comparable to the influence of the student*s 
socioeconomic status (Walberg, 1984) . 
Simpson and Oliver (1990) found that the relationship 
between peer-group influence and attitudes toward science 
increased significantly over grades 6, 7 and 8, peaking in 
grade 9. Moreover, the relationship became stronger during 
the school year with a maximum correlation of 0.68 at the 
end of the ninth grade. They noted that friendships were 
important to adolescent students. A "snow balling" 
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phenomenon might occur as the academic year progresses. 
Students could be influenced by group norms, accelerating 
either an upward or downward spiral of attitudes toward 
science. Ajzen and Fishbein (1980), in their theory of 
reasoned action, said that behavior was primarily influenced 
by a combination of the individuals attitude toward the 
behavior, and the attitude of his or her peers toward the 
behavior. 
2.7.4 Television Viewing 
The average child in the United States watched 29 hours 
of television per week according to Hearold (1980). 
Williams et aL (1982) found that the amount of leisure-time 
television viewing had small overall effects (r = -0.06), 
but the relationship was non-linear. Up to 10 hours per 
week of viewing actually could enhance achievement slightly 
by contributing to a student's vocabulary and understanding; 
but beyond 10 hours, an increasingly deleterious influence 
was evident. This might be attributable to television 
viewing time displacing homework, leisure reading, 
discussions with parents, constructive hobbies, and other 
more educationally constructive home activities. 
Synthesis of research on the amount of television 
viewing at home suggested that achievement would be raised 
significantly if homework and other educative activities 
were substituted for several of the average 3 to 7 hours of 
television watched each day (Walberg, 1983). Since parents 
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are responsible for supervising about 85% of the potentially 
educative time for the first eighteen years of their 
children's lives - that is, the waking hours during which 
the children are not in school - even moderate improvements 
in parents' effectiveness in encouraging their children and 
in supervising and discussing their television viewing 
appeared to result in substantial long-term effects on 
general literacy. 
2.7.5 Home 
An important influence on motivation, academic ability, 
and achievement was the social and psychological stimulation 
of the child's academic development by parents and other 
significant persons in the home environment. Some surveys 
found family variables more related to achievement than were 
school variables (Coleman et al., 1966? Stickney & 
Fitzpatrick, 1987)„ Recently, a study conducted by Reginald 
Clark of the Claremont Graduate School (cited by Carlson, 
1991) documented the outstanding achievement of low-income 
African-American students in Chicago whose parents supported 
the school and teachers, and structured their children's 
learning environment at home. Many educators believe that 
for schools to succeed, parents and families must become 
more committed to the education of their children. They 
must instill a respect for education, and create within the 
home an environment conducive to learning. Parental 
involvement would make their children feel comfortable 
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learning, and go to school willing and prepared to study, 
and have rational expectations of future rewards for their 
efforts (Ekstrom, et al., 1988; Applebee et al., 1989; 
Carlson, 1991; Caplan, et al., 1992). 
The relative effect of home, as contrasted with school 
variables, had been the focus of many studies both 
internationally (Comber & Keeves, 1973), and in the United 
States (Coleman et al., 1966; Walberg, 1982; Walberg & 
Schananham, 1983). The major conclusions arising from these 
studies were; the effect of home variables was more easily 
identified than that of school variables, and the 
contribution of the school and home differed in various 
subject matter areas. Reading, for example was more related 
to the home environment, whereas science was more affected 
by schooling. 
There are four approaches to the measurement and study 
of home environment in relation to academic learning. These 
are; sociological surveys that include socioeconomic (SES) 
measures such as parental income, occupation and education; 
family constellation studies that analyze the number, birth 
order, and spacing of children in the family; the work of 
the "British school" that emphasizes parental experiences 
and aspiration for the child, parental attitudes, habits, 
and beliefs, objects, materials, and conditions in the home, 
and other status variables; and the work of the "Chicago 
school" that emphasizes sociopsychological or behavioral 
processes thought to be conducive to learning (Iverson & 
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Walberg, 1982). These four approaches are not mutually 
exclusive but do represent fairly distinctive and somewhat 
separate research traditions. 
According to research, family SES and constellation 
were less important correlates of educational outcomes than 
aspirations, conditions, and processes in the home that were 
conducive to learning (Marjoribanks, 1978; White, 1982). 
The Chicago school studies, assessing direct parent-child 
interactions, seem to be the best measures of educationally 
relevant home factors. 
From the quantitative synthesis of Iverson and Walberg 
(1982) drawn from a systematic search of educational, 
psychological, and sociological literature, it was also 
found that home factors were differentially related to 
different kinds of achievement (e.g., language, reading, and 
arithmetic were more highly correlated than IQ was with home 
measures). Their substantive findings suggested that a 
process-view of the home could better describe educationally 
relevant variables than a status or other orientation toward 
home environment. The medians (and ranges) of 92 simple 
correlations of home environment and learning were 0.37 (and 
0.02 to 0.82) and of 62 multiple regression weighted 
composites were 0.44 (and 0.23 to 0.81). Jackknifed 
regression estimates indicated that gender and SES of the 
sample affected the sizes of the correlations. 
The quantitative synthesis of Iverson and Walberg 
(1982) indicated that academic ability and achievement were 
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more closely related to measures of the sociopsychological 
environment and intellectual stimulation in the home than 
they were to parental socioeconomic status indicators such 
as amount of education and occupation. This is a promising 
finding to some researchers since they think that home 
environment variables, unlike socioeconomic status, can be 
improved upon. However, it may not be that easy because 
ultimately, it would require raising the educational 
consciousness of both the students and their parents. 
In addition to increasing supervised homework and 
reducing television viewing, school-parent programs to 
improve academic conditions in the home had a tremendous 
success in promoting achievement® The “alterable curriculum 
of the home'1 was twice as predictive of academic learning as 
was family SES (Walberg, 1984). This curriculum referred to 
parent-child conversations about everyday events and school; 
discussion and encouragement of leisure reading; monitoring 
and joint critical analysis of television viewing and peer 
activities; deferral of immediate gratifications to 
accomplish long-term human-capital goals; expressions of 
affection and interest in the child's academic and other 
progress as a person (Walberg, 1984). 
2 * 8 Perception of the Science Teacher and Teacher 
Characteristics and Behavior 
Some studies have shown that teachers not only made a 
difference to student performance and attitude formation but 
also to aspirations, particularly in developing countries 
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(Brophy & Good, 1986). Studies on exemplary science 
programs and exemplary science teachers indicated extremely 
positive student results in the attitudinal domain (Yager, 
1988). Tobin and Fraser (1990) claimed that their study 
provided considerable evidence which suggested that 
exemplary science teachers could be differentiated in terms 
of the psychosocial environments of their classrooms, and 
that exemplary teachers often created classroom environments 
that were markedly more favorable than those of non- 
exemplary teachers. However, in a longitudinal study 
carried out by Simpson and Oliver (1990), they found that 
contrary to expectation, there were no strong relationships 
between teacher affect and student affect. 
The meta-analysis carried out by Druva and Anderson 
(1983) yielded very weak relationships between teacher 
characteristics (e.g., age, gender, attitudes, personality, 
and measures of effective teaching) and their teaching 
behavior. The mean correlation between the various 
characteristics was only 0.05. They also found low 
correlations among their measures of teacher characteristics 
and student outcomes, especially between the teacher's 
training in the content of science and student learning. 
This is contrary to the assumption generally held that 
science knowledge is highly related to teaching 
effectiveness. The results indicated that antecedent 
teacher characteristics did not appear to have much effect 
on student performance in science. This tends to lead one 
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to speculate that it is not too important who chooses to 
teach science, but rather it is what teachers do in the 
classroom that matters. However, there are research studies 
which showed that the effects of various teaching strategies 
were disappointingly low (Wise and Okey, 1983; Willett et 
al, 1983; Lott, 1983). Contrary to the speculation, the 
influence of what the teacher did in the classroom appeared 
minimal as reported in some research studies. 
2.9 Gender 
Some research reports revealed gender differences in 
both science achievement and science attitude, with boys 
scoring higher than girls on both criteria (Gardner, 1974; 
Keeves, 1973). Secondary analysis done on the National 
Assessment of Educational Progress (NAEP) data collected in 
the United States by Fraser et al. (1987) indicated that 
these gender differences were replicated for science 
achievement for the 9-, 13-, and 17-year olds. However, 
gender differences in science attitude did not emerge at any 
of the age levels as significant predictors when other 
factors were controlled. 
A meta-analysis of science education literature 
undertaken by Maehr and Steinkamp (1983) indicated that sex 
differences in motivation and achievement were smaller than 
generally assumed; and that sex differences appeared to be 
greater in the United States than in other countries, and 
were greater for children in the upper than in the lower 
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socioeconomic status levels. According to the findings of 
Warren (1992), there were more variation in attitudes and 
achievement within the sexes of students than between them. 
In a review of major influences on attitude toward 
achievement in science among adolescent students in the 
United States, Simpson and Oliver (1990) reported that 
gender differences were not found to be as significant as 
expected. While males possessed significantly more positive 
attitudes toward science and generally achieved higher in 
science, females were significantly more motivated to 
achieve in science. Although there were other minor 
differences between gender, they concluded that male and 
female adolescent students felt and behaved toward science 
in much the same way. 
2 -10 Race 
From the analysis of NAEP data, Fraser et al. (1987) 
found that race was a significant independent predictor of 
science achievement for the 9-, 13-, and 17-year-olds in the 
United States, but was significantly related to science 
attitude only among 9-year-olds. Science achievement of 
whites was better than non-whites by 4.88 points (over half 
a standard deviation) among 17-year-olds, by 4.12 points 
(almost two thirds of a standard deviation) among 
13-year-olds, and by 2.60 points (over half a standard 
deviation) among 9-year-olds. On the attitude criterion, 
significant differences emerged only among 9-year-olds; 
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whites scored 1,96 points (about a third of a standard 
deviation) higher than non-whites. 
Welch et al. (1986) also reported that race and gender 
should be included in a model of educational productivity, 
at least for science learning among elementary school 
students. They found that both were significant predictors 
of achievement, and race was a predictor of attitude. 
However, Applebee et al. (1989) found that science had 
improved in recent assessments following earlier declines in 
their analysis of NAEP data. They claimed that equity was 
being approached between minority students and their white 
peers. 
2.11 Models of School Learning 
Studies of factors influencing school learning have led 
to various models of school learning and a model of 
educational productivity. 
2.11.1 Carrolls Model 
Carroll (1963) proposed the first model of school 
learning in which time was the basic component. His model 
essentially said that given a task, a learner would succeed 
in learning to the extent that he spent the amount of time 
that he needed to learn the task. Carroll's emphasis on 
time or quantity of schooling has influenced the development 
of many subsequent models. These time models emphasized the 
child in the learning process but were deterministic in the 
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way the child processed information, the sense of success 
and failure, and modelling by the teacher played 
insignificant roles. 
2.11.2 Bloom*s Model 
Bloom had been very much interested in Carroll*s model 
and in 1967-68 applied it in hopes of promoting better and 
more efficient learning (Carroll, 1984). Subsequently, 
Bloom (1976, page 7) switched emphasis from time-on-task to 
the student characteristics and instruction: "What any 
person in the world can learn, almost all persons can learn 
if provided with appropriate prior and current conditions of 
learning." His model can be illustrated with Figure 2.2. 
The main considerations for learning to occur, he said, 
were cognitive and affective entry characteristics and the 
quality of instruction. He claimed that the cognitive entry 
behaviors were the single most dominant factor in predicting 
learning outcomes. He estimated it correlated about 0.75 
with academic achievement. 
Affective entry characteristics were considered as a 
compound of interests and attitudes toward the subject 
matter of the learning task, and the school and schooling. 
They included mental health, self-concept, and personality 
characteristics. Quality of instruction included 
reinforcement, tutoring, cues, and participation. Affective 
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STUDENT 
CHARACTERISTICS 
INSTRUCTION LEARNING 
OUTCOMES 
Figure 2.2 
Major Variables in the Bloom's Theory of School Learning 
(Taken from Bloom, 1976) 
entry characteristics and guality of instruction each 
correlated about 0.50 with achievement. Considering the 3 
facets together, the correlation with achievement was 0.95. 
Thus, Bloom's model could account for more than 80% of the 
variation in the level or rate of achievement (Bloom, 1976, 
page 169). He claimed that the three facets together could 
account for as much as 90% of the variation. 
Significantly, not only did Bloom's model refer to 
academic achievement, he considered three outcomes - the 
level and type of achievement and rate of learning, but also 
affect. However, he assumed that all children learn in 
similar ways. Differences between learners were attributed 
to prior learning and the quality of instruction. Feedback 
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between outcomes and input was also considered in his model, 
although it is not shown in Figure 2.2. 
The total claimed explanatory power of up to 90% of the 
variance seems high to me, considering most data reported in 
the literature, and my data. Moreover, his model did not 
explain student learning outcomes in a very useful way 
because he placed considerable emphasis on the cognitive 
characteristics that a pupil brought to the learning task. 
A student who has done well in the past will generally do 
well in the future. 
2.11.3 Walberg's Model 
Like Bloom, Walberg (1981, 1984, 1986) considered 
cognitive entry behaviors, but unlike either Bloom or 
Carroll, he included the learning environment in his model. 
He regarded the environment as having both direct and 
indirect effects on learning through time-on-task. 
According to Walberg®s model of educational productivity, 
nine factors required optimization to increase affective, 
behavioral, and cognitive learning, as illustrated in Figure 
2.3. Potent, widely generalizable, and consistent, 
according to Walberg, these nine factors of the proposed 
theory of educational productivity could be categorized into 
three groups. 
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Figure 2.3 
Causal Influences on Student Learning 
Aptitude, instruction, and the psychological environment 
were major direct causes of learning (shown as double arrows 
X, Y, and Z). They also influenced one another (shown as 
arrows a, b, and c), and were in turn, influenced by 
feedback on the amount of learning that took place (shown as 
broken arrows). (Taken from Walberg, 1984) 
Student aptitude variables: 
1. Ability or prior achievement, as measured by the 
usual standardized tests, 
2. Development, as indicated by chronological age or 
stage of maturation, and 
3. Motivation, or self-concept, as measured by 
personality tests or the student's willingness to 
persevere intensively on learning tasks. 
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Instructional variables: 
4. Quantity of instruction or the amount of time 
student engaged in learning, and 
5. Quality of instruction, including psychological 
and curricular aspects. 
Educationally stimulating psychological environments: 
6. Home environment, 
7. Classroom or school environment, 
8. Peer group environment outside the school, and 
9. Mass media environment (especially the amount of 
leisure-time television viewing). 
The first five factors of student aptitude and 
instruction occurred in the educational models of John 
Carroll, Benjamin Bloom, Jerome Bruner, Robert Glaser, and 
others (Walberg, 1986). Each factor was essential for 
learning to occur. For example, large amounts of 
instruction, and high degrees of ability, might be 
insufficient if students were unmotivated or if instruction 
was inappropriate. 
These five factors, however, were only partly alterable 
by educators. For example, the curriculum in terms of time 
for various subjects was partly determined by economic, 
political, and social forces. He claimed that ability and 
motivation were influenced by parents, by prior learning, 
and by the students themselves. He said that raising 
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achievement levels should not be the sole responsibility of 
educators. 
The remaining factors in Walberg's model were 
environmental variables. Three of these factors — the 
psychological climate of the classroom group; enduring 
affection and academic stimulation from adults at home; and 
an out-of-school peer group with its learning interests, 
goals, and activities - influenced learning in two ways. 
Students learnt from them directly; and these factors 
indirectly benefitted learning by raising student ability, 
motivation, and responsiveness to instruction. Last, but 
not least, the weekly amount of television watching optimal 
for learning was about 10 hours and not the more typical 30 
hours in the United States. More hours of television time 
displaced homework and other educationally and 
developmentally constructive activities outside school. 
As Figure 2.3 shows, the major causal influences flowed 
from aptitudes, instruction, and the psychological 
environment to learning. These factors also influenced one 
another, and were influenced in turn by how much students 
learned, since those who began well learn faster. 
There were other social factors which were not included 
in the productivity model but which nevertheless influenced 
learning in school but were less directly linked to academic 
learning. Examples were class size and financial 
expenditures per student. These correlated only weakly with 
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learning, especially if the initial abilities of students 
were taken into account. Hence improvements in the more 
direct and alterable factors of the model should hold the 
best hope for increasing educational productivity (Walberg & 
Shanahan, 1983). 
According to Walberg (Fraser, Walberg, Welch & Hattie, 
1987), ability accounted for 60% of the variance, 
motivation for 10%, quality of instruction for 15%, class 
environment for 60%, home environment for 40%, and age for 
80%c These variables taken together accounted for about 90% 
of the variance in achievement. Walberg et al. (1981) 
proposed that these constructs were best combined via the 
Cobb-Douglas production function (Cobb & Douglas, 1928): 
Learning - a (Age) b(Abi) e (Mot) d(Qul) e(Qun)f (Cls) »(Horn) h 
where a is a constant and b through h are regression 
coefficients. As opposed to the typical linear regression 
model, the advantages of this combination method are that 
increasing any one factor will increase but cannot decrease 
learning; increasing any one (or even two or three) factors 
without increasing the others will increase output but at a 
limited rate; increasing all the factors by a given amount 
raises learning by the same amount because the sum of 
coefficients b through h approximates one; and some factors 
can compensate for others but to a limited extent. 
Therefore, no single essential factor overwhelms the others; 
all are important to varying degrees. 
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There are correlations among the productivity factors 
in the model, as expected, since "Matthew effects" abound in 
education (Walberg & Tsai, 1983; Walberg, 1991). A case in 
point is that those advantaged on one factor such as home 
environment are likely to be advantaged on other factors 
such as parental education level and motivation, and attend 
schools with better instruction and more positive classroom 
environments. This phenomenon of the educationally rich 
getting richer can explain large variations found in the 
achievement of different students. 
There were no interaction terms in the model. The 
assumption was that the factors interacted by compensating 
one another. Hence, the model narrowed the selection of 
variables to a relatively small set, and the interpretation 
of the effect coefficients for policy forecasts was 
straightforward. 
2.11.4 Glaser8s Model 
The focus of Glaser's (1980) model was different from 
those of Carroll and Bloom. Aware that aptitude, learning, 
and instruction had not been well integrated in earlier 
models, he proposed various macro- and micro-theories of 
learning and instruction. He considered macro-theory as 
dealing with the large practical variables in schools "such 
as the allocation and efficient use of time, the structure 
of the curriculum, the nature of feedback and reinforcement 
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to the student, the pattern of teacher-student interaction, 
the relationship between what is taught and what is 
assessed, the degree of classroom flexibility required for 
adapting to learner background, and the details of 
curriculum materials. Such variables need to be part of a 
theory of instruction .... (and), as this theory develops, 
it will be undergirded by the more micro-studies of human 
intelligence, problem solving, and learning” (Glaser, 1980, 
page 324). 
Glaser (1980) conceived of four essential components 
for producing learning. The first component was the 
analysis of competent performance or the anticipated 
outcomes which included identification of the information 
structures required for performance, as well as a 
description of the cognitive strategies that applied to the 
learning task. The second component was similar to Bloom*s 
cognitive entry behaviors; it was a description of the 
learner's initial state. The third component was 
distinctive of Glaser-type models; it was the transformation 
process between the initial state and a state of competence. 
Procedures such as behavior modifiers, knowledge training, 
learning hierarchies, learning-to-learn abilities, and 
reinforcement were examples of this transformation. The 
last component was an assessment of the effects of 
instructional implementation. 
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Glaser considered a model of learning which was related 
to effective learning processes and emphasized the 
importance of feedback between learning processes and 
achievement outcomes. The roles of the teacher, curriculum, 
and school were peripheral and were seen either as a 
hindrance or an aid to learning processes. 
In recent years, many psychologists and educators have 
outlined models of learning similar to Glaser*s. In all 
these models, the main focus was the learning processes. 
2.11.5 A Synthesis of Models 
Fraser, Walberg, Welch, and Hattie (1987) proposed a 
model of school learning which incorporated a number of 
critical elements of the models discussed above. In their 
model, the pupil was considered as the center of the various 
influences. 
The pupil, learning processes, and outcomes were 
closely related. There was an allowance for feedback 
between some components. The model specified that the 
outcomes of the learning processes typically affected the 
instructor and the instruction. Moreover, the model had 
both cognitive and affective outcomes. A critical goal of 
this model of learning was the disposition to learn. A 
child acquiring a favorable attitude to learning during his 
school years (rather than just increased school achievement) 
was likely to engage in lifelong learning. Self-concept, 
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self-actualization, and reciprocity were included as 
affective components. The role of learning processes and 
learning styles were specified. The outcomes included both 
general and specific cognitive outcomes. Issues have been 
raised as to whether research on teaching should involve 
teaching in general or whether it should be conducted 
separately for different kinds of subject matter. In the 
model, the pupil was part of a social system; he was part of 
home, school, and classroom, and was subjected to influences 
from parents, teachers, media, and peers. 
2.12 Discussion 
As has been discussed above, many variables affect 
science learning outcomes. There is evidence for a 
particular constellation of variables which capture the 
complexities of science learning outcomes. In general, 
research suggested that ability was associated with about 
60% of the achievement variance; quality of instruction, 
about 15%; amount of time spent in learning, 15%; socio- 
psychological characteristics of the classroom group, 60%; 
and educationally-relevant aspects of the child*s home 
environment, about 60% in elementary and secondary school 
samples (Ugurogla & Walberg, 1979). The reported variance 
accounted for by some of these variables seems remarkably 
high. 
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There were some discrepancies in some of the findings 
reported above. The conflicting results of the studies 
might be due to the selection of variables, the instruments 
used, the unreliability of measurement, the analysis 
procedures (for example the assumption of linearity), design 
and specification problems, and the difference in the 
sociocultural characteristics of the educational system 
studied. Theisen et al. (1983) found that home background 
variables accounted for more variance in industrialized 
countries while school resources accounted for more variance 
in the less industrialized countries. Non-linearities 
probably occur with some of the facets of achievement, but 
these have rarely been investigated. 
In a review of an article, Stinchcombe (1972) brought 
forward a major problem of substantive interpretation - the 
problem of luck. He argued that most of the variation in 
test scores, educational attainment, occupational success, 
or income was not related to any of the causes that 
sociologists studied. For example, a person*s education, 
experience, and seniority might have got him a job in a firm 
that went into bankruptcy so he lost both his job and his 
pension. Or a person might contract a communicable disease, 
due to circumstances beyond his control. He claimed that 
the "unexplained variance" in success was related to a large 
variety of such small causes. 
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Syntheses of educational research indicated that no 
single study, no matter how large or widely publicized, 
could by itself be taken to be definitive (Walberg, 1983). 
The imprecision of educational measurements and experimental 
controls requires the evaluation and averaging of results of 
many studies in order to draw valid conclusions. Yet 
syntheses did show that a fairly limited number of factors 
are potent, consistent, and widely generalizable to various 
school subjects, educational conditions, and student 
characteristics. 
As a matter of fact, neither the costs of educational 
inputs (including human effort) nor the value of outputs 
relevant to immediate and long-term goals are well measured. 
So it is difficult to arrive at definitive conclusions about 
the causal relations of educational investments, services, 
and values beyond the narrow areas indicated by objective 
achievement tests and reports of attitudes and behavior. 
After reviewing the relevant literature, a causal model 
of educational productivity for science was conceptualized 
for secondary-two Singaporean students. Instruments were 
developed to measure the variables. As Walberg had pointed 
out (1984), his model, with its nine factors, was not to be 
viewed as providing a final answer to the question of which 
factors most strongly influence student learning. 
Researchers need to develop more valid and discriminating 
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measures of the varied outcomes of schooling appropriate to 
the sociocultural characteristics of the educational system* 
Previous studies revealed discrepancies in educational 
productivity research. Further research is required, and 
this study can contribute to the research. The proposed 
model (see Chapter 3) was tested to check its viability 
concerning the causal relationships among ability, 
motivation, prior achievement, perception of the science 
teacher, homework, classroom environment, home environment, 
parents' education, peer influence, amount of television 
watched, attitudes to science, and science achievement. 
Learning may also take place in the home, peer group, 
and in exposure to television. These will substitute for 
what is missed in school but is represented on science 
tests. Development and quantity of instruction were not 
included in the model since the model was for one specific 
age group, and the quantity of instruction is standardized 
in a centralized educational system in Singapore. 
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CHAPTER 3 
METHODOLOGY 
3.1 Overview 
In this chapter, the selection of subjects for the 
study, instrumentation, methods, and research design are 
discussed. 
3.2 Selection of Subjects 
The study was conducted at the secondary-two level in 
Singapore. A sample of about 900 was selected. Using the 
Student Data Bank of the Ministry of Education, the sampling 
involved selection of schools which reflected the 
characteristics of the population of secondary-two students 
in Singapore. Intact classes were used for the study. 
3.3 Instrumentation 
I did not find existing instruments to be appropriate 
for my study and therefore developed my own instruments. 
The science curriculum which had been covered by the 
students in my study in Singapore renders existing science 
achievement tests inappropriate for my study. Established 
questionnaires which have been developed in other countries 
are culturally not suitable. The ability test had to be 
adapted to make it more appropriate for my study. Existing 
standardized tests and instruments were therefore not used 
in this study. 
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In this study, the instruments were divided into five 
sections. These were: 
1. Attitudes Instrument 
2. Classroom Environment Instrument 
3. Pupil Data 
4. Ability Test 
5. Science Achievement Test 
The Attitudes Instrument comprised items measuring 
attitudes to science as well as motivation. 
Many instruments measuring science-related attitudes 
have been developed elsewhere and among these TOSRA (Fraser, 
1981), an instrument developed and validated extensively in 
Australia, was rated as a good instrument with sound 
empirical validation (Haladyna & Shaughnessy, 1982; 
Shrigley, 1983). However, a cross-cultural study in the 
United States using the same instrument conducted by Khalili 
(1987) found the instrument to lack construct validity. 
Munby (1980) in his survey of 50 instruments remarked that 
only a few instruments met sufficiently the criteria for 
validity and reliability. The Asian educational and 
cultural context necessitated the development of instruments 
to avoid any bias and taking into consideration Munby's 
(1983) comments on instrument validity and reliability. As 
the purpose of the Attitudes Instrument was to measure 
attitudes to science and motivation, care was taken in the 
process of item construction to avoid items that measured 
scientific attitudes. 
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The dimensions that were considered in the instrument 
for attitudes to science were interest in science, enjoyment 
of science, career orientation, self perception of ability 
to learn science, social implications of science, and 
attitude towards scientific experimentation. 
In the construction of the affective items, cognitive 
and value statements were avoided. The statements were 
moderately worded. Compound sentences or concepts were 
avoided in the items. Affective items calling for a 
personal or emotional reaction were written to establish 
conceptual validity. A five-point Likert scale (Strongly 
Agree, Agree, Undecided, Disagree, Strongly Disagree) was 
used for recording the students* reaction towards each item. 
The items were evaluated for face validity and clarity by a 
few faculty members in science education at the National 
Institute of Education, Singapore. As a result of this 
evaluation, a small number of items was removed, and some 
were revised. 
The Classroom Environment Instrument measured both the 
perception of the classroom environment and the perception 
of the students towards their science teachers. Items on 
the classroom environment measured affiliation of the 
students in the class, task orientation, difficulty of 
tasks, order and organization, participation of the class, 
and satisfaction of the class. The Perception of the 
Science Teacher Instrument measured the students' perception 
of the teacher's warmth, enthusiasm and competence and 
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whether they viewed their teachers as encouraging, caring 
and supportive in the course of teaching. 
In the Pupil Data section, there were items on several 
variables like sex, average number of hours of television 
watched per day, the average number of hours spent on 
homework for science per day, the frequency of homework 
assigned, the frequency with which science homework was 
corrected and given marks, or comments or grades, prior 
achievement, home environment, parents' education level as 
well as peer influence. There are also some items which are 
expected to be useful for future research studies which I 
hope to undertake. 
There were 50 multiple-choice items in the ability 
test. The items measured verbal reasoning, numerical 
ability, abstract reasoning, and space relations. 
Since Singapore has a centralized system of education 
in which the science curriculum is common in all schools, 
items of the science achievement test were based on 
instructional objectives common in all schools. A table of 
specifications was drawn up for the 40 item test to ensure 
content validity in the criterion referenced test (see 
Appendix A). 
Some of the items in the instruments had been used in 
an earlier study by the author in collaboration with others. 
These items had been found to be appropriate for the student 
population. After careful development and proof-reading, 
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these instruments were administered to the sample of 
students. The instruments used in the study are shown in 
Appendix B. 
3.4 Methods 
3.4.1 True Score 
Using raw scores or observed scores (that is the number 
of correct responses) implies equal weighting for all items. 
Raw scores are less accurate than weighted scores. 
Therefore, they were not considered in the scoring of the 
ability and of the science achievement tests. A scoring 
procedure using item response theory, which is more accurate 
than using raw scores, was used. 
In practice, one cannot administer several forms of a 
test to a student in order to obtain a better sample of his 
behavior. It is, however, necessary to conceptualize the 
student as remaining unchanged throughout the process. The 
average score over a set of postulated test forms is a 
useful concept (Lord, 1980) . The concept can be formalized 
by a mathematical model. The student's score X on a 
particular test is taken to be a chance variable with some 
(usually unknown) frequency distribution. The true score T 
is the mean (expected value) of this distribution. The 
discrepancy between T and X is given by 
E ~ X - T 
where E is called the error of measurement. T, not Xf is 
the quantity of real interest. For example, for selection 
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purposes, it is T, not X, that determines an individuals 
capacity for future performance. One is not able to observe 
T, but one can make useful inferences about it. 
A person*s number-right true score £ on a test is 
defined as the expectation of his observed score X (Lord & 
Novick, 1968). Therefore, every person at ability 9 has the 
same number-right true score 
5 - Epj<0> . 
i-1 
The number-right true score is an increasing function of 
ability since each P. (9) is an increasing function of 9. 
This is the same true score denoted by T in the previous 
paragraph. The present notation emphasizes that the 
relation of observed score X to true score £ is the relation 
of a sample observation to a population parameter. True 
score £ and ability 6 are similar but are expressed on 
different scales of measurement. The significant difference 
is that the measurement scale for £ is dependent on the 
items in the test. On the other hand, the measurement scale 
for 6 is independent of the items in the test. When 
comparing different tests of the same difficulty, e is more 
useful than £. 
3.4.2 Item Response Theory 
Traditionally, a test consists of several items, and 
the test score is a sum of the item scores. It is important 
to be able to describe the items by item parameters and the 
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examinees by examinee parameters so that one can predict 
probabilistically the response of any examinee to any item, 
even if similar examinees have never taken similar items 
before. The next consideration is to infer the examinee*s 
ability level or skill. This calls for knowledge about how 
his ability or skill determines his response to an item. 
Hence item response theory (IRT) is a statistical theory 
consisting of a family of models that expresses the 
probability of observing a particular response to an item as 
a function of certain characteristics of the item and of the 
attribute(s) of the person (Crocker & Algina, 1986? 
Hambleton & Swaminathan, 1985? Lord, 1980). This 
relationship is given by the item response function, item 
characteristic curve, or trace line. Item response models 
that assume a single latent attribute or a "dominant” 
component or factor "accounting" for examinee performance 
are referred to as unidimensional. Models assuming that 
more than a single attribute accounts for performance are 
referred to as multidimensional. 
The attribute of the person may be an attitude, a 
cognitive proficiency, or a personality construct. The 
items may be questions on an attitude scale, problems on a 
proficiency test, or behaviors on a behavioral checklist. 
The attribute, 6 , is usually arbitrarily placed on a z-score 
scale (the average is zero), and ranges from -3 to +3. 
Using item response theory, item responses were converted 
into estimates of 6 . 
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3.4.3 Item Response Functions 
For a dichotomous item, the item response function is 
the probability P or P(9) of a correct response to the item. 
It is assumed that P(0) increases as 9 increases. The 
probability is most widely represented by the three- 
parameter logistic function 
P(0) - C + -— c_ 
1 + e-1.7a<e-jfc>) 
where a, b, and c are the item parameters and e is the 
mathematical constant 2.7182.0. (Lord, 1980). Parameter a 
indicates the discriminating power of the item, that is the 
degree to which item response varies with ability level. 
Parameter b is an index of the item difficulty. Parameter c 
is the guessing parameter or the pseudo-chance score level. 
It is the probability that an examinee completely lacking in 
ability (9 = -«>) will obtain the correct answer. If an item 
cannot be answered correctly by guessing, c= 0. 
According to the equation above, the probability of 
success on an item depends on examinee ability 9 and the 
three item parameters. If the model is valid, knowledge of 
a person's ability 9 is required to determine his 
probability of success on a particular item. IRT permits 
the use of item responses to estimate the value of that 
respondent's trait or proficiency. 
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3.4.4 Scoring 
Conventional item and test statistics were first 
computed for the science achievement test and the ability 
test using the MicroCAT Item and Test Analysis Program 
(ITEMANtm, Assessment Systems Corporation, 1989). Item 
discriminations, facility indices, and the reliabilities of 
the instruments were obtained. Items with point biserials 
below 0.20 were removed. The point biserial correlation is 
the correlation of the performance on a test item and the 
performance on the total test score. 
Most tests can be scored using IRT methods. The 
mystery of IRT stems largely with the phrase "estimate the 
value of the trait." One normally says that the test is 
scored. However, the test is not scored since the positive 
responses are not counted, as is done in classical test 
theory. The value of the trait, ability, or proficiency is 
estimated using the inferred relationships between the item 
responses and the trait being measured. 
The MicroCAT Item Parameter Estimation Program 
(ASCALtm) was used to estimate the IRT item parameters for 
the three-parameter model for the science achievement and 
the ability tests (MicroCAT, 1989). The MicroCATtm Testing 
System, while being a complete microcomputer-based system 
for developing, administering, scoring, and analyzing 
computerized tests, could easily be used for analyzing and 
scoring conventional tests. 
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The output file showed the progress of the parameter 
estimation iterations, the maximum parameter change, and 
items which failed to converge. Good estimates were usually 
obtained after 5 or 10 iterations. Estimates were not 
accurate for items which did not converge well. The output 
also showed the final item parameter estimates and a Pearson 
x2 lack—of—fit statistic for each item. The x2 statistic 
could be checked for significance. The data did not fit the 
theoretical model when there was a significant lack of fit. 
In reality, it is difficult to specify a model completely 
and accurately. Therefore, if the number of examinees is 
large enough, all of the items will show statistically 
significant lack of fit. This statistic should be used with 
caution, and can be useful when it is used to find items 
with unusually poor parameter estimates. Such items will 
have x2 statistics that are large relative to those of the 
other items. The parameter estimates for such items should 
be considered inaccurate, and these items should not be 
used. Therefore, items which did not converge well and those 
with high x2 values were not selected for computing the 
maximum likelihood thetas. 
The maximum-likelihood ability estimation was used 
rather than the Bayesian-modal or the expected a posteriori 
Bayesian ability estimate since no prior distribution was 
assumed. The only disadvantage was that the maximum 
likelihood estimates might fail to converge for some unusual 
response patterns. 
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The other instruments were subjected to maximum 
likelihood factor analysis in which the underlying 
population parameters that would have the greatest 
likelihood of producing the observed correlation matrices 
were found. The number of factors was determined using the 
large sample *2 significance test associated with the 
maximum likelihood solution, which is considered to be the 
most satisfactory solution from a statistical standpoint, 
provided that the assumptions of the method are adequately 
met (Kim & Mueller, 1978). The number of factors retained 
was usually more than the number of factors expected. Such 
minor factors were ignored on substantive grounds, and when 
necessary, the number of factors (major factors) were 
submitted to varimax or promax rotation to assess their 
factor structures. 
Since it was not appropriate to simply sum the 
variables to construct a factor-based scale when the factor 
loadings were not uniform, regression scoring was used for 
the instruments. 
3.5 Model Sensitivity 
Model sensitivity refers to how estimates are affected 
by subsets of the data. After the instruments had been 
modified by deletion of poor items and the factor scores 
computed, science achievement was regressed on the remainder 
of the variables. One assumption made in regression 
analysis is that the model used is appropriate for all of 
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the data. However, the analysis of a least squares fit of a 
linear regression model can be influenced by the addition or 
omission of one or more observations. Observations that do 
not fit the model like the rest of the data are termed 
outliers. Outliers that influence excessively the fitted 
regression equation compared to other observations are known 
as influential observations. Cook's distance measure of 
influence statistics was used to identify the highly 
influential observations (Cook & Weisberg, 1980). 
Subsequently, these influential observations were removed. 
3•6 Multi-sample Analysis 
With the deletion of the influential observations, the 
sample was divided into two groups according to gender. 
Subsequently, two covariance matrices were computed for 
these two groups. 
The LISREL program (Joreskog and Sorbom, 1989) provides 
for multi-sample analysis. LISREL, an acronym for linear 
structural relations, is a very versatile approach that can 
also be used for the analysis of causal models, reciprocal 
causation, measurement errors, correlated errors, and 
correlated residuals to name but a few. The equality of 
the covariance matrices of the observed variables for the 
two groups was tested using the program. 
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3.7 Research Design 
3.7.1 The Model 
The research design involved the LISREL approach to 
causal modelling procedures to analyze the direct and 
indirect effects of variables hypothesized as causes of 
variables treated as effects. 
It was hypothesized that for both the gender groups, 
peer influence, motivation, and home environment influenced 
attitudes to science („,) which, in turn, influenced 
achievement in science (r?2) . Ability was hypothesized to 
influence achievement directly. In addition, classroom 
environment, parents' education level, perception of the 
science teacher, amount of television watched, and homework 
were hypothesized as influencing both attitudes to science 
and achievement in science. These hypotheses were used to 
develop the causal model. The causal chain r?, -> r>2 was 
postulated to be part of the model. 
The model hypothesized for the study is shown in 
Figure 3.1. The complexity of human learning is widely 
recognized, and it is unrealistic to propose a simplistic 
model for educational productivity. A good model of 
educational productivity is essential as the potential 
benefits of improving educational productivity are vast. 
In the presentation of the path diagram, the 
conventions used in the LISREL 7 manual (Joreskog & Sorboro, 
1989) were used. Observed variables are enclosed in 
rectangles; unobserved (latent) variables are enclosed in 
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circles, in this model, the observed x variables (ability, 
prior achievement, motivation, perception of the science 
teacher, classroom environment, homework, home environment, 
parents' education level, peer influence, and amount of 
television watched) were taken to be the exogenous variables 
whose variabilities were assumed to be determined by causes 
outside the causal model. it was assumed that they were 
measured without error. The correlations among the 
exogenous variables, which are not depicted by curved lines 
with arrowheads at both ends in Figure 3.1 will remain 
unanalyzed. One variable would not be conceived as the 
cause of the other. Paths, in the form of unidirectional 
arrows, were drawn from the variables taken as causes 
(independent) to the variables taken as effects (dependent). 
The non-existence of an arrow between two variables meant 
that they were assumed not to be directly related. 
Attitudes to science and achievement in science were 
the endogenous variables whose variations were hypothesized 
to be explained by the exogenous and/or endogenous variables 
in the system. 
Using LISREL 7 (Joreskog & Sorbom, 1989), the unknown 
parameters were estimated using the maximum likelihood 
method. The covariance structure model or the full LISREL 
model was used. The measurement model (which specified how 
latent variables depended upon or were indicated by the 
observed variables) was combined with the structural 
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Legend: 
Peer - Peer Influence Instrument 
Motivation - Motivation Instrument 
Class - Classroom Environment Instrument 
Teacher - Perception of Science Teacher Instrument 
Home - Home Environment Instrument 
Fed - Father*s Education Item 
Med - Mother*s Education Item 
Ability - Ability Test 
PA - Prior Achievement Scores 
Freq - Frequency of Homework Assigned 
HSc - Time Spent on Science Homework 
Cor - Correction of Homework 
TV - Amount of Television Watched 
Figure 3.1 
Path Diagram of Causal Model for Educational Productivity 
for Science for Secondary-two Singaporean Students 
equation model (which specified causal relationships among 
the latent variables, described the causal effects, and 
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assigned the explained and unexplained variance). The full 
model allowed for measurement errors in the latent variables 
and errors in equations (residuals), and provided for the 
estimation of relationships. The unknown parameters were 
estimated so that the covariances and variances of the 
variables in the model matched the data. 
In the covariance structure model, the observed 
(manifest) and latent variables could be expressed in 
parameter matrices. The structural equation model is 
i) - Bt) + r? + { 
where B is the coefficient matrix of the endogenous 
(independent) variables (rj) ; r is the coefficient matrix of 
the exogenous (dependent) variables (|); and, f is a random 
vector of residuals. 
The measurement models for y and x are: 
y - Ayii + e 
x - Axl + 6 
where the parameter matrices Ay and Ax are the regression 
matrices of y (observed dependent variables) on r? and x 
(observed independent variables) on £, respectively. 
The specification for the LISREL model is; 
xy = Peer ■ <S1 = 0 
xz = Motivation s ^ = 0 
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x3 = Class = £3 
*3 = 0 
= Teacher a 03
 
Jt' I
I 0 
*5 = Home = £5 
«J = 0 
*6 = Fed S e4 
= 
0 
x7 = Med * |7 
*7 = 0 
x8 = Ability > *8 SQ - 0 
III
 
<
 
II
 
S9 = 0 
*10 = Fre<3 s C10 ^10 = 0 
*11 = HSc = €„ 511 “ 0 
*12 = Cor * «12 *12 “ 0 
*13 = TV s C,3 
*13 " 0 
y, = Att 0 
y2 = Ach 
€Z ~ 0, 
i«e.^ Ay - I, Ax - I, B( — 0f es - o (specified by the 
fixedf FI option), 
B-f 0 k P21 0 J 
p „ [ Y11 Y12 Y13 Y14 Yis Yl6 Yl7 0 Yl 9 Yl 10 Yl 11 Yl 12 Yi 13 \ 
\ 0 0 Y23 Y24 0 Y26 Y27 Y28 Y29 Y2 10 Y2 11 Y2 12 Y2 13 J 
¥ - diag{yllf i|r22) . 
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Then the structural equations are 
(’ll' o i
 
0 ' ( ’ll' / 4. KJ V Pal °J UaJ I \ 
Yu Y12 Yi3 Y14 
0 0 Y23 Y24 
Yl 13 ' 
Y2 13 > 
5x 
$2 
$3 
54 
56 
h 
5e 
5, 
510 
5u 
5x3 
5 13 
The equations relating the rj • s to the y's are 
y2J (iJ) 'V v e2 
The € * s and 8s s are the errors in variables or 
measurements, while the f*s are the errors in equations or 
structural disturbance terms. 
Since there are no constraints on $ and £ = x, 
§ = s , which is estimated as S . The matrix (2x2) is 
XX r XX 
*11 
*21 *22 > 
with - Var(f,) for i = 1,2 and tf21 = Cov(r,,f2). The 
matrix 0€ is diagonal with diagonal elements *iiU) “ Var(€|) • 
Since £ s x, the structural equations can be written as 
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r\ - Br\ + Tx + { 
with reduced form 
n - (i - B) -1rx + a - B) *1c. 
The covariance matrix of the observations as implied by 
the LISREL model is 
' AyA(r$Iv + T)A/A/y + e, 
k A^FA'A'r 
A Ar®A7z 
AX9A'X + e5 
where A = (I - B)_1. 
Since constraints are imposed on ©€ or © 8, the normal 
theory standard errors in LISREL are valid only when the 
covariance matrix is analyzed (Joreskog and Sorbom, 1989). 
To obtain correct standard errors and x2> the covariances 
were analyzed. Parameter estimates, standard errors (SE), 
t-values (TV), modification indices (MI), and the residuals, 
standardized residuals, Q-plot of residuals, and the fitted 
covariance matrix (RS), total and indirect effects (EF), 
miscellaneous results (MR) and a standardized solution (SS) 
were obtained from the LISREL program. 
3.7.2 Assumptions 
The assumptions made in the covariance structure model 
are: the residuals are uncorrelated with the exogenous 
variables; the errors of measurement are not correlated with 
the residuals and the latent variables; latent variables and 
residuals are measured as deviations from their means (that 
74 
is, the means for the latent variables and for the residuals 
are zero)? and the coefficient matrix B is nonsingular. 
3.7.3 Goodness-of-Fit Measures 
The goodness of fit of the whole model to the data is 
indicated by the *2 value, goodness-of-fit index, adjusted 
goodness-of-fit index, and the root mean square residual. 
The *2-measure is correct for maximum likelihood estimation 
under multi-normality of the observed variables if 
covariances are analyzed. 
The degrees of freedom for x2 is given by 
df m -j (P + Q) (P + q + 1) . t, 
where p + g is the number of observed variables analyzed and 
t is the total number of independent parameters. The p— 
value is the probability level of *2, that is, the 
probability of obtaining a xz value larger than the value 
actually obtained, provided that the model is correct. A 
small x2 value indicates a model which fits the data well, 
while a large *2 value indicates a poorly fitting model. 
The use of the x2 value is the reverse of the usual 
situation. In the LISREL model, the variance-covariance 
matrix of the model hypothesized and the observed matrix are 
compared. A small x2 value indicates good fit of model to 
data (Carmine & Mclver, 1981). A large value of *2 in 
comparison to the number of degrees of freedom suggests an 
ill-fitting model. The *2 measure is sensitive to sample 
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size as well as to departures from multivariate normality of 
the observed variables. With large samples, departures from 
normality raise x2 more than what can be attributed to 
specification error in the model. 
If the value of x2 obtained is large compared to the 
number of degrees of freedom, the fit is examined and 
assessed by an inspection of the fitted residuals, the 
standardized residuals, and the modification indices. The 
residuals compare the observed variances and covariances 
with those resulting from the model*s parameter estimates. 
These will be small for a good fitting model. 
Joreskog and Sorbom (1989) suggested that paths which 
are fixed in the model may be relaxed, provided it is 
substantively meaningful. If the model is modified, and a 
large drop in x2 is obtained, compared to the difference in 
degrees of freedom, they said that the changes made in the 
model represent a real improvement. Since the values of x2 
must be interpreted very cautiously, the residuals must also 
be inspected in order to note whether they are relatively 
small. 
Since the statistic is sensitive to sample size, 
other indices of fit have been proposed for assessing the 
fit of the hypothesized model to the data (Bentler & Bonett, 
1980; Joreskog & Sorbom, 1989). However, Gallini and 
Mandeville (1984) recommended that for a powerful test of 
the validity of the model, comparisons among models be made, 
rather than relying on the fit of one model to the data. 
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3.7.4 The Formulation of a Model 
In this study, a model of educational productivity was 
conceptualized based on knowledge and theoretical 
considerations. Thus, a model was presented in an a priori 
manner (i.e., on the basis of the literature and 
observation). The valid use of LISREL modelling is 
predicated on a theoretical formulation about the pattern of 
causation among the variables being studied. It is theory 
that generates the causal model; not the other way around. 
Manipulating the data and the model might lead one to revise 
one's convictions, and to note some aspects that one missed 
in the literature review. Also, one does not want to end up 
with "a parsimonious but meaningful model.” The findings 
reported might not fit the prior model specified. Anomalies 
and lack of fit should be discussed and accounted for. The 
model presented should not be revised. Hence, the 
formulation of the model required a lot of forethought. The 
estimation of its parameters would then become a test of 
that forethought. If revisions are needed, they can be the 
basis of future study. Thus, the analysis would be 
meaningful, not the results, but the design. The results 
are, in reality, a test of one's understanding of the 
subj ect. 
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CHAPTER 4 
RESULTS 
4.1 Overview 
In this chapter, the results of the analyses of the 
instruments are first presented. Influential outliers were 
subsequently removed from the sample. The data was then 
grouped according to gender, and two separate covariance 
matrices were prepared. Descriptive statistics are 
presented, followed by the analysis of the model of 
educational productivity. 
4.2 Instruments 
4.2.1 Ability Test 
The scale statistics of the items from the MicroCAT 
output were examined. The statistics showed that the 
distribution of the ability test scored conventionally was 
negatively skewed (“0.598) and leptokurtic (0.347). 
The item and alternative statistics of the items from 
the MicroCAT output were also examined. Items which had 
point biserial correlation below 0.20 were 1, 3, 11, 14, 27, 
31, and 44 and they were first removed. Subsequently, the 
final parameter estimates and the progress through the 
estimation were examined. Item 24 did not converge well. 
There were no items with x2 statistics that were large 
relative to those of the items. Altogether, 8 items were 
78 
removed from the 50-item test. There was only one examinee 
whose maximum likelihood estimate failed to converge. 
STATA (Computing Resource Center, 1992), a statistical 
analysis package for personal computers, was used to compute 
the Shapiro-Wilk and Shapiro-Francia tests for normality. 
The results for the tests for normality of the 50-item 
ability test scored conventionally, and the 42-item test 
scored by maximum likelihood estimation are shown in Table 
4.1. The test statistics are reported under W and W* . V 
and V* which are the transformations of W and W' are more 
appealing indexes for departure from normality. The 
median values of V and V' are 1 for samples from normal 
populations. Large values indicate nonnormality. 
Table 4.1 
Tests of Normality? Ability 
Shapiro- ■Wilk W Test for Normal Data 
No of 
Variables Obs W V Z Pr>z 
50 
42 
900 
899 
0.978 
0.996 
12.432 
2.090 
6.214 
1.818 
0.000 
0.035 
Shapiro-Francia W* Test for Normal Data 
No of 
Variables Obs W* V' Z Pr>z 
50 
42 
900 
899 
0.979 
0.996 
12.609 
2.339 
5.394 
1.935 
0.000 
0.027 
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We can reject that the ability test scored 
conventionally was normally distributed as indicated by the 
large V and V' values. The 95% critical values of V (V1) 
which depend on the sample size, range between 1.2 and 2.4 
(2.0 and 2.8). Therefore, the maximum-likelihood ability 
estimation was used rather than the Bayesian-modal or the 
expected a posteriori Bayesian ability estimate since no 
prior distribution was assumed. 
After deleting 8 poor items and a case of non- 
convergence of an estimate, the distribution of the test 
estimated by maximum—likelihood ability estimation was 
normal. 
The alpha reliability of the 42-item instrument was 
0.734. Refer to Appendices B, C, and D for the original 
instrument, details of the item and test analysis, and the 
final parameter estimates. 
4.2.2 Science Achievement Test 
From the MicroCAT statistical output, the science 
achievement test data for a conventionally scored test 
showed a negatively skewed (-0.059) and platykurtic (-0.246) 
distribution. 
The item and alternative statistics of the items from 
the MicroCAT output were examined. The point biserial 
correlation of item numbers 1, 21, 30, and 32 were below 
0.20. Furthermore, item 1 did not converge on loop 10. 
There were no items with unusually high x2 statistics 
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compared to those of the other items. Therefore, only 4 
items were deleted. Out of a total of 900 examinees, there 
were only 4 examinees whose maximum likelihood estimates 
failed to converge. 
The Shapiro-Wilk and Shapiro-Franeia tests for 
normality of the 40-item science achievement test scored 
conventionally and the 36-item test scored by maximum 
likelihood estimation are shown in Table 4.2. 
Table 4.2 
Tests of Normality; Science Achievement 
Shapiro-Wilk W Test for Normal Data 
No of 
Variables Obs W V z Pr>z 
40 900 0.998 0.865 -0.357 0.639 
36 896 0.995 2.970 2.684 0.004 
Shapiro-Francia W* Test for Normal Data 
No of 
Variables Obs W* V' z Pr>z 
40 900 0.999 0.742 -0.712 0.762 
36 896 0.994 3.348 2.712 0.003 
We can reject that both the science achievement tests 
scored conventionally and by maximum likelihood estimation 
were normally distributed as indicated by the V and V' 
values. Therefore, the maximum-likelihood ability 
estimation was more accurate than the Bayesian-modal or the 
expected a posteriori Bayesian ability estimate since no 
prior distribution was assumed. 
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The alpha reliability of the 36-item instrument was 
0.693. The original instrument, details of the item and 
test analysis, and the final parameter estimates are found 
in Appendices B, E, and F. 
4*2.3 Perception of the Science Teacher 
The output of the maximum likelihood factor analysis 
reports likelihood—ratio tests of the number of factors in 
the model versus no factors and more factors. The second 
test is a test against a model sufficiently rich to fit the 
observed correlation matrix perfectly. The criteria used 
for the removal of items in the instruments for the 
perception of the science teacher, home environment, 
attitudes to science, motivation, peer influence, and 
classroom environment instrument were: 
1. the significance level of the x2 test for more 
factors should be between 0.2 and 0.4, or close 
to it, 
2. the loadings should, as far as possible, not be 
less than 0.500, and 
3. the uniqueness should, as far as possible, not 
be more than 0.700. 
Using maximum likelihood factor analysis of the 16-item 
instrument for the perception of the science teacher 
resulted in the deletion of 4 items. With 12 iterations, 
the results of the four factor solution is shown in Table 
4.3. 
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Table 4.3 
Results of Maximum Likelihood Factor Analysis: 
Perception of the Science Teacher 
Factor Variance Difference Proportion Cumulative 
1 5.037 4.478 0.809 0.809 
2 0.559 0.177 0.090 0.899 
3 0.382 0.136 0.061 0.961 
4 0.245 e 0.039 1.000 
Test: 4 vs. no factors, x2^ = 4282.92, Prob > X2 = 0.000 
Test: 4 vs. more factors. *224 = 39.22, Prob > x2 = 0.026 
Variable 1 
Factor 
2 
Loadings 
3 4 Uniqueness 
3 0.618 0.160 
-0.112 0.145 0.559 
6 0.646 0.162 
-0.149 0.158 0.509 
9 0.475 0.064 0.218 0.320 0.620 
12 0.754 0.199 
-0.104 -0.028 0.381 
15 0.606 0.185 0.298 0.046 0.508 
18 0.784 ”0.276 0.050 -0.032 0.306 
24 0.534 0.123 0.011 -0.272 0.626 
27 0.747 ”0.438 
-0.016 -0.003 0.249 
30 0.714 0.187 
-0.098 -0.047 0.444 
36 0.503 -0.134 
-0.011 0.036 0.727 
38 0.692 0.204 
-0.254 -0.039 0.414 
43 0.615 0.225 0.350 -0.118 0.434 
Since the first eigenvalue was very large compared to 
the rest, there was only one major factor. The regression 
method was used to obtain the factor scores and the factor 
score coefficients or the scoring coefficients are shown in 
Table 4.4. 
The factor score coefficients were examined to assess 
the contribution of the variables to the estimate of the 
factor score. The biggest contributions were for variable 
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Table 4.4 
Factor Score Coefficients: 
Perception of the Science Teacher 
Variable 
No 
Scoring 
Coefficient 
3 0.083 
6 0.095 
9 0.058 
12 0.149 
15 0.090 
18 0.192 
24 0.064 
27 0.225 
30 0.121 
36 0.052 
38 0.126 
43 0.107 
27, the teacher makes science experiments exciting, and 
variable 18, the teacher makes science interesting. Also 
given heavy weight was variable 12, the teacher shows 
concern for us, and variable 38, the teacher considers our 
feelings. The perception of the science teacher instrument 
measured ability to stimulate interest in science, and the 
kindly, caring, and helpful nature of the teacher. The 
second lowest weight was the teacher's expertise in science, 
variable 9, the teacher knows the subject well. The 
teacher's competence had a small impact on the scale. The 
more important attributes in this factor were the science 
teacher's warmth and her ability to conduct interesting 
lessons and exciting experiments, rather than her academic 
knowledge. 
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The reliability coefficient for the factor scores was 
0.925. The original instrument is found in Appendix B. The 
variables which were selected in the instrument are: 
3. Our science teacher treats us fairly. 
6. Our science teacher is patient with us. 
9. Our science teacher knows the subject well. 
12. Our science teacher shows concern for us. 
15. Our science teacher corrects our mistakes. 
18. Our science teacher makes science interesting. 
24. Our science teacher praises us for good work. 
27. Our science teacher makes science experiments 
exciting. 
30. Our science teacher is friendly towards us. 
36. Our science teacher makes science important to our 
lives. 
38. Our science teacher considers our feelings. 
43. Our science teacher tells us where we have gone 
wrong. 
4.2.4 Home Environment 
The maximum likelihood factor analysis resulted in the 
removal of nine items from the 19-item instrument. After 5 
iterations, the maximum likelihood factor analysis resulted 
in a four factor solution, as shown in Table 4.5. 
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Table 4.5 
Results of Maximum Likelihood Factor Analysis: 
Home Environment 
Factor Variance Difference Proportion Cumulative 
1 3.729 3. 092 0.751 0.751 
2 0.637 0. 272 0.128 0.880 
3 0.365 0. 134 0.074 0.953 
4 0.232 • 0.047 1.000 
Test: 4 vs. no factors. X240 = 2681 .69, Prob > X2 = 0.000 
Test: 4 vs. more factors 
• x2„ = 15 .77, Prob > X2 = 0.150 
Factor Loadings 
Variable 1 2 3 4 Uniqueness 
19 0.603 “0.147 -0.055 -0.311 0.515 
20 0.632 “0.282 “0.234 -0.087 0.459 
22 0.652 0.220 “0.153 0.142 0.483 
23 0.537 “0.436 “0.075 0.264 0.446 
26 0.605 “0.159 0.088 0.014 0.600 
27 0.707 0.079 0.170 -0.031 0.464 
28 0.707 0.123 “0.005 -0.072 0.480 
30 0.514 0.445 “0.149 0.134 0.498 
31 0.590 0.227 0.002 -0.094 0.592 
36 0.525 “0.038 0.469 0.064 0.499 
There was one large eigenvalue, indicating that there 
was only one general factor. The regression factor score 
coefficients are shown in Table 4.6. 
The factor score coefficients were rather homogenous, 
ranging from 0.117 to 0.179. The variables selected had a 
common theme: the parents are generally warm and interested 
in their children. The parents are involved not only in 
their studies, but also in them as a total person - their 
children's interactions with the school, friends and their 
suggestions for family activities. As in the teacher 
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Table 4.6 
Factor Score Coefficients: 
Home Environment 
Variable 
No 
Scoring 
Coefficient 
19 0.138 
20 0.162 
22 0.159 
23 0.141 
26 0.119 
27 0.179 
28 0.173 
30 0.122 
31 0.117 
36 0.124 
variable, warmth (i.e., accepting emotional responses) 
played a major role in this factor. 
The reliability coefficient for the factor scores was 
0.882. The original instrument is found in Appendix B. The 
variables selected for this factor are: 
19. Do your parents/guardian guide you in your studies? 
20. Do your parents/guardian discuss your school results? 
22. Do you talk to your parents/guardian about school? 
23. Are your parents/guardian interested in your studies? 
26. Do your parents/guardian encourage you to read 
materials besides your textbooks? 
27. Do your parents/guardian spend time with you? 
28. Do your parents/guardian discuss with you about your 
life? 
30. Do you discuss about your friends with your parents/ 
guardians? 
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31. Do you make plans for family outings? 
36. Do your parents/guardian show their affection to you? 
4.2.5 Attitudes to Science Instrument 
The maximum likelihood analysis of the items with 29 
iterations led to a 7 factor solution. 27 poor items were 
removed from the instrument. 
The results of the maximum likelihood analysis is shown 
in Table 4.7. Two eigenvalues were greater than one which 
indicated that there were really two factors. One factor 
referred to enjoying science classes, while the other 
referred to science as a career. By construction these two 
factors were uncorrelated. When the first two factors were 
subjected to varimax rotation, the correlation of the factor 
scores was 0.039. However, when the first two factors were 
subjected to promax rotation, the correlation of these two 
factors was 0.473. They could be treated as one factor 
since they were correlated and the first eigenvalue was very 
large, indicating that there was only one general factor. 
The factor score coefficients for the one general factor is 
shown in Table 4.8. 
The factor score coefficients varied considerably from 
a low of 0.027 to a high of 0.206. The highest weights were 
variable 42, a job related to science would be interesting? 
and variable 13, I enjoy science lessons. The two largest 
weights showed that the two factors were combined. 
Examination of the weights showed that emotions 
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Table 4.7 
Results of Maximum Likelihood Factor Analysis: 
Attitudes to Science 
Factor Variance Difference Proportion Cumulative 
1 8.409 7.136 0.741 0.741 
2 1.274 0.773 0.112 0.853 
3 0.501 0.037 0.044 0.898 
4 0.464 0.187 0.041 0.939 
5 0.277 
-0.014 0.024 0.963 
6 0.291 0.160 0.026 0.989 
7 0.131 Q 0.012 1.000 
Test: 7 vs. no factors. x2*™ = 9361. 29, Prob > X2 = 0.000 
Test: 7 vs. more factors. x2§9 ” 63.64, Prob > X* = 0.317 
Factor Loadings 
Variable 1 2 3 4 5 
1 0.739 ”0.400 0.012 0.102 -0.014 
6 0.668 0.206 0.120 -0.072 -0.105 
9 0.720 0.292 0.356 0.128 -0.018 
13 0.743 ”0.450 *0.043 0.216 0.098 
17 0.501 ”0.083 *0.003 -0.146 -0.172 
21 0.691 0.297 0.398 0.113 -0.001 
25 0.659 -0.320 0.002 0.157 0.021 
26 0.514 ”0.010 0.105 -0.224 0.069 
31 0.663 ”0.081 0.088 -0.235 0.083 
33 0.735 0.348 ■0.174 -0.001 -0.024 
37 -0.682 0.191 ■0.000 0.177 0.217 
42 0.771 0.425 ■0.293 0.061 0.022 
43 0.769 “0.296 ■0.080 -0.043 -0.190 
47 -0.644 0.198 0.018 0.165 0.118 
50 0.682 0.019 0.119 -0.167 0.158 
51 -0.578 0.252 0.099 0.167 -0.238 
54 0.661 0.010 0.116 -0.319 0.146 
56 -0.559 -0.185 0.123 -0.003 -0.053 
60 “0.568 0.123 0.075 0.011 0.102 
Continued on the next page. 
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Table 4.7, continued: 
Variable 
Factor Loadings 
6 7 Uniqueness 
1 0.033 0.068 0.278 
6 
-0.012 0.202 0.439 
9 
-0.030 
-0.034 0.251 
13 0.035 0.046 0.185 
17 0.060 0.127 0.671 
21 
-0.064 
-0.020 0.259 
25 0.075 
-0.123 0.417 
26 0.243 
-0.108 0.600 
31 0.059 0.025 0.480 
33 
-0.067 0.045 0.300 
37 0.102 0.011 0.409 
42 0.048 -0.006 0.133 
43 0.066 -0.065 0.268 
47 0.147 0.092 0.474 
50 0.032 0.006 0.466 
51 0.330 -0.008 0.399 
54 0.177 0.015 0.395 
56 0.095 0.150 0.604 
60 0.136 0.019 0.627 
predominated? the students find science and science careers 
interesting and enjoyable. 
The reliability coefficient of the factor scores was 
0.964. See Appendix B for the original instrument. 
The variables which were selected for this factor are: 
1. I like science lessons. 
6. I hope to have a science-related career. 
9. I would enjoy being a scientist. 
13. I enjoy science lessons. 
17. I have ability in science. 
21. I would like to work as a scientist. 
25. Science classes are fun. 
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Table 4.8 
Factor Score Coefficients: 
Attitudes to Science 
Variable 
No 
Scoring 
Coefficient 
1 0.095 
6 0.054 
9 0.102 
13 0.143 
17 0.027 
21 0.095 
25 0.056 
26 0.030 
31 0.049 
33 0.087 
37 
-0.059 
42 0.206 
43 0.102 
47 “0.048 
50 0.052 
51 “0.052 
54 0.060 
56 “0.033 
60 “0.032 
26. Besides the science textbook, I read other science 
materials. 
31. I would like to hear talks on science. 
33. A career in science would be interesting. 
37. I am not interested in science. 
42. A job related to science would be interesting. 
43. I am interested in science lessons. 
47. Science is a boring subject. 
50. I would like to join a science club or society. 
51. There should be less science lessons in school. 
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54. I like reading books about science during my 
holidays. 
56. A scientific job is a boring way to earn a living. 
60. Science lessons give me less satisfaction compared to 
other lessons. 
4.2.6 Motivation 
The maximum likelihood factor analysis of the 14 
motivation items showed that only 4 items were scalable. 
Maximum likelihood factor analysis with 2 iterations 
resulted in a four-variable single factor solution. The 
results of factor analysis are shown in Table 4.9 and the 
factor score coefficients are shown in Table 4.10. 
Table 4.9 
Results of Maximum Likelihood Factor Analysis: 
Motivation 
Factor Variance Difference Proportion Cumulative 
1 1.488 e 1.000 1.000 
Test: 1 vs. no factors. x24 = 596.62, Prob > X2 = 0.000 Test: 1 vs. more factors. xz2 
~ 0.25, Prob > x2 = 0.882 
Factor Loadings 
Variable 1 Uniqueness 
12 0.427 0.818 
16 0.775 0.399 
22 0.722 0.478 
32 0.428 0.817 
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Table 4.10 
Factor Score Coefficients: 
Motivation 
Variable Scoring 
No Coefficient 
12 0.129 
16 0.480 
22 0.373 
32 0.130 
There were few items to choose from in the original 
instrument. However, the single factor was interpretable, 
and best described the motivation for studying science. Its 
alpha reliability (0.671) was not very different from that 
of the 14-item instrument (0.741), indicating that these 
items captured most of the common information in the larger 
set of items. 
The reliability coefficient of the factor scores was 
0.753. See Appendix B for the original instrument. The 
variables which were selected after factor analysis are: 
12. I study science when not required. 
16. I intend to continue studying science for more years. 
22. I want to learn more about science. 
32. Whatever problems I may have, I will do my best in 
learning science. 
4.2.7 Peer Influence 
Maximum likelihood factor analysis of the 7 peer 
influence items showed that only four were scalable. With 8 
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iterations a four—variable single factor solution was 
obtained. Therefore, three items were removed from the 
instrument. The results of the factor analysis and the 
factor score coefficients are shown in Tables 4.11 and Table 
4.12. 
The eigenvalue of the factor was small - a value of 
0.754. Although it was less than one, the factor was 
significant. Variable 18 which carried most of the weight, 
measured friends who were not interested in studying. This 
factor measured non—supportive friends - friends not 
supportive of career attainment nor scholastic endeavor. 
The factor scores were reversed to measure supportive 
friends. 
Table 4.11 
Results of Maximum Likelihood Factor Analysis: 
Peer Influence 
Factor Variance Difference Proportion Cumulative 
1 0.754 . 1.000 1.000 
Test: 1 vs. no factors. = 122.49, Prob > *2 = 0.000 
Test: 1 vs. more factors. xz2 = 25.17, Prob > x2 = 0.000 
Factor Loadings 
Variable 1 Uniqueness 
14 0.273 0.925 
15 
-0.322 0.897 
16 -0.279 0.922 
18 0.706 0.502 
94 
Table 4.12 
Factor Score Coefficients: 
Peer Influence 
Variable 
No 
Scoring 
Coefficient 
14 0.130 
15 
-0.158 
16 
-0.133 
18 0.619 
The reliability coefficient of the factor scores was 
0.560. The original instrument is shown in Appendix B. The 
variables which were selected are: 
14. My friends are interested in activities which are not 
related to studies. 
15. My friends are interested in getting a good career. 
16. My friends are interested in science. 
18. My friends are not interested in studying. 
4*2.8 Classroom Environment 
Maximum likelihood factor analysis of the 27 classroom 
environment items showed that only 9 were scalable. With 
5 iterations, a four-factor solution was obtained. The 
results of the factor analysis are shown in Table 4.13. The 
eigenvalues indicated the presence of only one general 
factor. 
The factor score coefficients are shown in Table 4.14. 
The absolute values of the scoring coefficients ranged from 
a low of 0.079 to a high of 0.282. The instrument was 
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Table 4.13 
Results of Maximum Likelihood Factor Analysis: 
Classroom Environment 
Factor Variance Difference Proportion Cumulative 
1 2.895 2.232 0.682 0.682 2 0.663 0.241 0.156 0.838 3 0.422 0.158 0.099 0.938 4 0.264 
• 0.062 1.000 
Test: 4 vs. no factors, x2^ = 1924. 57, Prob > x2 = 0.000 Test: 4 vs. more factors. *26 = 9.64 , Prob > X2 = 0.141 
Variable l 
Factor Loadings 
2 3 4 Uniqueness 
1 0.752 0.247 0.007 0.148 0.352 2 0.679 0.462 0.029 
-0.054 0.322 
7 
-0.594 0.335 0.100 
-0.283 0.445 
16 0.413 
-0.217 0.300 
-0.039 0.691 
19 0.455 
-0.104 0.135 0.087 0.756 
25 
-0.559 0.372 0.069 0.060 0.541 
29 
-0.434 0.064 0.198 0.324 0.663 
34 0.438 
-0.209 0.448 
-0.142 0.543 
41 
-0.667 0.178 0.241 0.146 0.443 
Table 4.14 
Factor Score Coefficients: 
Classroom Environment 
Variable 
No 
Scoring 
Coefficient 
1 0.282 
2 0.278 
7 
-0.176 
16 0.079 
19 0.080 
25 
-0.137 
29 
-0.086 
34 0.107 
41 
-0.199 
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designed to measure the participation or involvement of the 
class, order and organization, satisfaction, cohesiveness or 
affiliation, goal direction or task orientation, and 
difficulty of tasks as perceived by the students. However, 
the factor did not pick up affiliation, task orientation, 
nor difficulty. Instead, the factor picked up only items 
measuring participation (variables 1, 19, and 41), order and 
organization (variables 2 and 29), and satisfaction of the 
class (variables 7, 16, 25, and 34). In reality, the 
instrument picked up more of low levels of discipline or 
teacher control over the class as the two greatest weights 
were variable 1, for daydreaming, and variable 2, fooling 
around in the science class. The third greatest weight was 
variable 41, most of us pay attention to what our science 
teacher is saying. Being inattentive predominated in the 
factor. 
The results of the factor analysis showed that the 
classroom environment instrument measured less than what was 
intended. Measurement errors are inevitable. Therefore for 
this study, the term classroom environment has to be 
redefined. Classroom environment is redefined to be a 
measure of class discipline or teacher control over the 
class as perceived by the students, and the satisfaction of 
the class. 
The factor picked up the perception of a negative 
classroom environment, i.e., the class was not interested. 
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Hence, the factor scores were reversed to measure a positive 
classroom environment. 
An issue which arose with this classroom environment 
measure is that the measure might be a projection of the 
individual respondent's lack of motivation, and not, in 
reality, an observed or perceived characteristic of the 
class as a whole. To determine if this issue existed, the 
correlation between the factor scores of classroom 
environment and motivation was computed. It was found to be 
0.323, which is considered to be moderate to low. The 
modest correlation implied that for many at least classroom 
environment was an observation and not a projection. 
The implication arising from the modest correlation 
would have been more persuasive if an analysis of variance 
by science class was performed. Unfortunately, there was no 
coded data for classes to summarize the classroom 
environment factor by classroom. Otherwise, it could be 
confirmed that the student was not generalizing from his/her 
own feelings but was reporting what the class appeared to be 
doing. 
On the other hand, a correlation of 0.323 was not 
trivial. There was some relationship between classroom 
environment and motivation. It could be that an interested 
classroom environment (after reversing the factor scores) 
increased motivation. It would be true if the class as a 
whole was highly disciplined. Perhaps to a lesser extent, 
motivation led some to project out their own feelings to 
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their perception of the classroom environment. However, 
both motivation and classroom environment were considered 
exogenous variables in this study; the causal relation 
between them remains unanalyzed. 
The reliability of the factor scores was 0.868. The 
original instrument is shown in Appendix B. The items which 
were selected are: 
1. We daydream in the science class. 
2. We fool around in science class. 
7. The science class is fun. 
16. Some students are not happy in science class. 
19. We are happy when the bell rings for end of class. 
25. The students in my class enjoy science lessons. 
29. During science lessons, this class is organized. 
34. Some of the students do not like the science class. 
41. Most of us pay attention to what our science teacher 
is saying. 
4•3 Model Sensitivity 
After the instruments had been sub^ ected to factor 
analysis, with the poorer items removed according to the 
factor structure, the factor scores were computed using 
STATA. The factor scores of the classroom environment and 
peer influence were reversed so as to measure a positive 
classroom environment, and to measure supportive friends 
respectively. These scores were merged together with the 
data on ability, science achievement, parental education 
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levels, prior achievement, time spent on science homework, 
the frequency with which homework was corrected, the 
frequency with which homework was given, and the amount of 
television watched. There were 862 complete observations. 
Subsequently, science achievement was regressed on all 
the other variables using STATA. Cook*s distance measure of 
influence statistics was used to identify the highly 
influential observations. The 11 fpredict" command was used 
to generate Cook's distance for the observations. A 
frequency distribution of Cook's distance was done, and 
cases above the 95th percentile were deleted. 
Altogether there were 6 influential observations. Four 
of these cases had high prior achievement, but two did very 
poorly for both the science achievement and ability tests. 
The third did badly for the science achievement test only 
while the fourth did very badly for the ability test only. 
It might be that these 4 cases were not cooperating with the 
testing. Or perhaps, they were experiencing emotional 
problems. 
The fifth case had the poorest prior achievement, 
scored the lowest for science achievement, and did poorly 
for the ability test. However, she reported an above 
average perception of the science teacher and the classroom 
environment, and an average motivation level and attitudes 
towards science. The sixth student also had a low prior 
achievement. He scored very badly for the science 
achievement test, and did poorly for the ability test. 
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However, he reported an above average positive attitude 
towards science and motivation, and an average perception of 
the classroom environment. The last two cases had low 
ability and poor achievement, but were highly interested in 
science and highly motivated to study it. They might be 
defending their self-esteem by reporting high interest and 
motivation. Perhaps, they were the exceptional cases who 
struggled against all odds for a better future. Or perhaps, 
their parents had high expectation of them to do well, and 
this sustained their motivation. 
The actual reasons for the responses for these 6 cases 
were not available, but the responses were certainly 
atypical and probably invalid. As identified by Cook's 
distance measure of influence statistics, these six cases 
affected the estimates of the model, and were not considered 
further in the analysis. 
4.4 Covariance Matrices 
The whole sample was divided into 2 groups according to 
gender. The covariance matrices among the y and x variables 
for these groups were computed. The observed variables were 
attitudes to science (Att), science achievement (Ach), peer 
influence (Peer), motivation (Mot), classroom environment 
(Class), perception of the science teacher (Tr), home 
environment (Home), father's education (Fed), mother's 
education (Med), ability (Abi), prior achievement (PA), 
frequency of homework assigned (Freq), time spent on 
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homework (HSc), correction of homework (Cor), and the amount 
of television watched (TV). The covariance matrices for the 
female and male groups are shown in Tables 4.15 and 4.16. 
Table 4.15 
Covariance Matrix for Females 
(N = 411) 
Att Ach Peer Mot Class Tr 
Att .932 
Ach .151 
.924 
Peer .066 .040 .533 
Mot .650 .181 .043 .744 
Class 
.499 .030 .148 .310 .881 
Tr .337 
-.103 .130 .182 .530 .829 
Home . 137 .053 .095 .147 .154 .116 
Fed .132 .198 .056 . 139 
-.009 
-.039 
Med .036 .168 .021 .067 
-.004 
-.056 
Abi 
-.074 .472 .006 .052 
-.196 
-.188 
PA 
-1.361 12.053 .322 1.747 
-4.439 
-4.556 
Freq .267 .137 .050 .179 .329 .200 
HSc .281 
-.055 
-.047 .237 .220 .089 
Cor .129 .196 .086 .145 .072 .218 
TV 
-.165 
-.200 
-.033 
-.180 
-.147 
-.057 
Home Fed Med Ability PA Freq 
Home .981 
Fed .245 1.269 
Med .242 .619 .997 
Abi .041 .174 .163 .835 
PA 2.305 6.275 5.157 11.441 434.509 
Freq .187 .154 .122 .005 2.739 .791 
HSc .064 .045 .070 
-.087 
-1.523 .214 
Cor .255 .185 .103 .144 5.982 .219 
TV 
-.106 -.172 
-.210 -.111 
-4.653 
-.091 
HSc Cor TV 
HSc .765 
Cor .047 1.507 
TV .073 -.019 1.738 
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Table 4.16 
Covariance Matrix for Males 
(N = 445) 
Att 
Att 
.961 
Ach 
.229 
Peer 
.073 
Mot 
.610 
Class 
.490 
Tr 
.454 
Home 
.107 
Fed 
.154 
Med 
.103 
Abi 
.026 
PA 
-2.639 
Freq 
. 165 
HSc 
.275 
Cor 
.016 
TV 
-.140 
Ach Peer 
1.040 
-.034 
.577 
.305 
.080 
.029 
.170 
-.116 
.129 
.026 
.100 
.224 
.044 
.168 
.027 
.537 
-.050 
8.478 
-.409 
.048 
.117 
.008 .059 
.159 .028 
-.093 .005 
Mot Class Tr 
.738 
.242 
.216 
.120 
.181 
.141 
.126 
.922 
.090 
.158 
.069 
-.190 
.870 
.518 
.115 
-.022 
.014 
-.096 
-5.590 
.206 
.250 
.040 
-.169 
.985 
.171 
-.084 
-.129 
-.102 
-4.613 
.200 
.188 
.199 
-.025 
Home Fed Med Ability PA Freq 
Home .743 
Fed .297 1.601 
Med .222 .943 1.331 
Abi 
.020 .184 .081 1.136 > 
PA .816 3.337 3.274 8.491 303.327 
Freq 
.112 .082 .005 
-.028 
-.556 . 682 
HSc .143 .126 .137 
-.141 
-1.939 . 177 
Cor .193 . 151 .047 .245 3.969 .053 
TV 
-.070 
-.285 
-.227 .072 
-.614 . 030 
HSc .732 
Cor .087 1.406 
TV -.039 -.003 2.059 
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The descriptive statistics for the variables in 
female and male groups are summarized in Tables 4.17 and 
4.18. It was found that the males had higher means than the 
females for attitudes to science, science achievement, 
motivation, home environment, father's education, mother's 
education, ability, prior achievement, correction of 
homework, and the amount of television watched. Females had 
higher means than males for peer influence, classroom 
environment, perception of the science teacher, frequency 
with which assignments was given, and the time spent on 
science homework. 
Table 4.17 
Descriptive Statistics: Females 
Variable Obs Mean Std. Dev. Min Max 
Att 430 -0.143 0.963 -3.217 2.381 
Ach 426 -0.095 0.954 -3.730 2.413 
Peer 430 0.075 0.727 -2.198 1.632 
Mot 430 -0.138 0.857 -2.917 1.764 
Class 430 0.012 0.949 t2.802 2.547 
Tr 430 0.014 0.920 
-3.508 2.045 
Home 430 -0.096 0.998 -2.708 2.323 
Fed 420 2.462 1.123 1.000 5.000 
Med 426 2.031 1.004 1.000 5.000 
Abi 430 -0.117 0.929 -4.103 2.526 
PA 428 227.519 20.831 180.00 266.00 
Freq 429 3.091 0.896 1.000 5.000 
HSc 430 1.556 0.880 0.000 7.000 
Cor 430 3.605 1.239 1.000 5.000 
TV 430 3.184 1.307 0.000 7.000 
4.5 Multi-sample Analysis 
Using the LISREL program for multi-sample analysis, the 
covariance matrices of the observed variables were tested to 
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Table 4.18 
Descriptive Statistics: Males 
Variable obs 
Att 464 
Sc Ach 464 
Peer 464 
Mot 464 
Class 464 
Tr 464 
Home 464 
Fed 457 
Med 460 
Abi 463 
PA 459 
Freq 463 
Hsc 464 
Cor 464 
TV 462 
Mean Std. Dev 
0.134 0.971 
0.119 1.018 
-0.061 0.750 
0.124 0.853 
”0.007 0.918 
0.004 0.984 
0.097 0.866 
2.884 1.276 
2.437 1.156 
0.136 1.067 
232.231 17.491 
3.015 0.826 
1.502 0.857 
3.860 1.192 
3.227 1.432 
Min Max 
-3.020 2.413 
”3.279 3.042 
-2.679 1.593 
-2.652 1.764 
-2.967 2.106 
-3.093 2.184 
-2.912 2.323 
1.000 5.000 
1.000 5.000 
-3.004 2.975 
180.00 276.00 
1.000 5.000 
0.000 5.000 
1.000 5.000 
0.000 7.000 
see whether they were equal for the gender groups. The 
hypotheses that the covariance matrices of x, y, and x and y 
were equal for the female and male groups were tested. (The 
y variables were attitudes to science and science 
achievement. The rest of the variables were the x 
variables.) The input file for LISREL is shown in Appendix 
G. The equality of the GAMMA, BETA, PHI, and PSI matrices 
for the two groups was also tested. The summary of the 
results from the output file is shown in Table 4.19. 
The hypothesis that the covariance matrices of x for 
the female and male groups were the same could be rejected. 
However, the hypothesis that the covariance matrices of y 
for the. female and male groups were the same could not be 
rejected. More importantly, the hypothesis that the 
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Table 4.19 
Equality of Matrices for Female and Male Groups 
Matrix x2 df p-value Decision 
X 185.89 91 0.000 Rejected 
y 2.24 3 0.524 Accepted 
x & y 1674.85 146 0.000 Rejected 
GAMMA 38.46 29 0.112 Accepted 
BETA 12.47 7 0.086 Accepted 
PHI 396.39 188 0.000 Rejected 
PSI 14.77 8 0.064 Accepted 
covariance matrices of x and y, i.e., all the observed 
variables were the same, or the invariance of the model 
could be rejected. Therefore, there were group differences 
in the female and male groups, and they had to be analyzed 
separately. 
The invariance of the structural relations on the BETA, 
GAMMA, PSI, and PHI matrices, over the two groups was also 
tested. It was found that the difference in the female and 
male groups arose from the PHI covariance matrix i.e. the 
correlation matrix among the exogenous variables, which had 
been fixed to be equal to the correlations among the 
exogenous variables. 
4.6 The Model 
Since there were no replicate measures for r?2 (science 
achievement), this variable was considered fallible. The 
alpha reliability was used rather than the assumption of an 
arbitrary value of 1.00. The error variance was equal to 
the product of the variance in the y variable and (1 - 
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reliability). The error variance was used as a fixed value 
in 9C and the structural parameters in B and r were 
estimated directly with LISREL. Since the reliability of 
the factor scores of the attitudes to science instrument was 
very high (0.964), the error variance was computed and used 
when necessary. The LISREL input files for the female and 
male groups are shown in Appendices H and I. 
For the female group, the model has *24 =3.19 with a 
probability level 0.527. The goodness of fit index was 
0.999, and the adjusted goodness of fit index was 0.969, 
while the root mean square residual was 0.005. The Q-plot 
was steeper than the diagonal line. These values indicated 
that the model fits the data quite well. 
For the male group, the model has *23 =2.10 with a 
probability level 0.551. As in the female group, the 
goodness of fit index was high (0.999), and the adjusted 
goodness of fit index was 0.975. The root mean square 
residual was low (0.004). Again, the Q-plot was steeper 
than the diagonal line. These values indicated that the 
model fits the data quite well. 
The maximum likelihood estimates for the standardized 
solution for the female and male groups are shown in 
Table 4.20. The maximum likelihood estimates for the 
unsealed solution for both the gender groups are shown in 
Table 4.21. 
107 
Table 4.20 
Maximum Likelihood Estimates (Standardized Solution) 
for the Female and Male Groups 
(Significant Parameter Estimates in Asterisks) 
Parameters 
Attitude to Achievement 
Peer Influence to Attitude 
Motivation to Attitude 
Classroom Environment to Attitude 
Teacher to Attitude 
Home Environment to Attitude 
Father's Education to Attitude 
Mother's Education to Attitude 
Prior Achievement to Attitude 
Frequency of Homework to Attitude 
Time on Homework to Attitude 
Correction of Homework to Attitude 
Television to Attitude 
Classroom Environment to Achievement 
Teacher to Achievement 
Father's Education to Achievement 
Mother's Education to Achievement 
Ability to Achievement 
Prior Achievement to Achievement 
Frequency of Homework to Achievement 
Time on Homework to Achievement 
Correction of Homework to Achievement 
Television to Achievement 
Females 
.231* 
”.010 
.676* 
.212* 
.069 
”.027 
.066 
”.031 
-.083* 
.059 
.040 
”.002 
-.009 
.239* 
-.172* 
-.023 
.016 
.348* 
.520* 
.017 
-.125* 
.029 
-.008 
Males 
.483* 
-.086* 
.683* 
.267* 
.210* 
-.064 
.079 
-.006 
-.051 
.016 
.103* 
-.069* 
.040 
.096 
-.309* 
.009 
-.015 
.353* 
.436* 
.041 
-.033 
.047 
-.023 
The path diagrams of the causal model for educational 
productivity for science for secondary-two girls and boys 
are shown in Figure 4.1 and Figure 4.2 respectively. The 
standardized solution is shown. In the standardized 
solution, all latent variables are standardized, i.e., they 
have a mean of zero and a standard deviation of one. 
The values of the parameter estimates are given near 
the arrows for the free paths. Paths for which |t| > 1.96 
are shown. (The t-value is given by the parameter estimate 
divided by its standard error which shows how accurately the 
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Table 4.21 
Maximum Likelihood Estimates (Unsealed Solution) 
for the Female and Male Groups 
(Standard Errors in Parentheses) 
Parameters Female Male 
Attitude to Achievement 
Peer Influence to Attitude 
Motivation to Attitude 
Classroom Environment to Attitude 
Teacher to Attitude 
Home Environment to Attitude 
Father's Education to Attitude 
Mother's Education to Attitude 
Prior Achievement to Attitude 
Frequency of Homework to Attitude 
Time on Homework to Attitude 
Correction/Homework to Attitude 
Television to Attitude 
Classroom to Achievement 
Teacher to Achievement 
Father's Education to Achievement 
Mother's Education to Achievement 
Ability to Achievement 
Prior Achievement to Achievement 
Frequency/Homework to Achievement 
Time on Homework to Achievement 
Correction/Homework to Achievement 
Television to Achievement 
Measurement Error in Attitude 
Measurement Error in Achievement 
.196(.047) 
—.013(.038) 
.743(.035) 
.214(.041) 
.072(.038) 
—.026 (.029) 
• 055(.029) 
”.029(.032) 
~e004(.001) 
.063(.035) 
«, 043 (. 034) 
—•002(.023) 
”•006(.021) 
.205(.055) 
.152(.050) 
—•017(.037) 
. 013 (.042) 
.306(.047) 
.020(.002) 
.016(.045) 
—®115(.043) 
o 019(.030) 
".005 (.027) 
.033 
.279 
.474 ( •069) 
-.098(.035) 
.688(.034) 
.248(.038) 
.183(.034) 
-.064(.033) 
.054(.028) 
—.005(.031) 
—.003(.002) 
.017(.035) 
.104(.034) 
~.050(.024) 
.024(.019) 
.088(.058) 
-.265(.051) 
.006(.040) 
-.011(.043) 
.281(.040) 
.021(.003) 
.042 (.048) 
”.033(.049) 
.034(.034) 
~.014 (.027) 
.212 
.318 
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Legend: 
Mot - Motivation Instrument 
HSc - Time Spent on Science Homework 
Class - Classroom Environment Instrument 
PA - Prior Achievement Test 
Tr - Perception of Science Teacher Instrument 
Abi - Ability Test 
Att - Attitudes to Science 
Ach - Achievement in Science 
Figure 4.1 
Path Diagram of Causal Model for Educational Productivity 
for Science for Secondary-two Singaporean Girls 
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Legend: 
Peer - Peer Influence Instrument 
Mot - Motivation Instrument 
Class - Classroom Environment Instrument 
HSc - Time Spent on Science Homework 
Cor - Correction of Science Homework 
Tr - Perception of Science Teacher Instrument 
Abi - Ability Test 
PA - Prior Achievement Test 
Att - Attitudes to Science 
Ach - Achievement in Science 
Figure 4.2 
Path Diagram of Causal Model for Educational Productivity 
for Science for Secondary-two Singaporean Boys 
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value of the free parameter has been estimated. The 
parameter has been accurately estimated if its standard 
error is small. If a t-value is between -1.96 and 1.96, it 
is not significantly different from zero at the 95% level.) 
Paths which were not significant are not shown. The 
correlations among the exogenous variables (x-variables) are 
also not shown nor are the measurement errors in the 
attitudes to science instrument and achievement in science 
test. Errors in the structural equations between the 
exogenous and the endogenous equations are, however, shown. 
The parameters in both the gender groups were compared. 
The difference in the parameters, the standard error of the 
difference (square root of the sum of the squares of the 
standard errors of both the parameters), and the t-ratio 
(difference divided by the standard error of difference) are 
shown in Table 4.22. Significant differences are marked 
with asterisks. Only two paths were significantly different 
- the path from attitudes to science to achievement, and the 
path from teacher to attitudes to science. 
4.7 A Nonrecursive Model 
A nonrecursive model in which attitudes to science and 
achievement in science influenced each other reciprocally, 
was also tested. A path was added from achievement in 
science to attitudes to science. 
The results for the nonrecursive model for the females 
yielded a *23 of 3.16 and a probability level of 0.368. For 
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Table 4.22 
^f^erence Parameters between the Female and Male Groups 
(Standard Errors in Parentheses) 
(Significant Differences Marked with Asterisks) 
Parameters Difference t 
Attitude to Achievement 
Peer Influence to Attitude 
Motivation to Attitude 
Classroom Environment to Attitude 
Teacher to Attitude 
Home Environment to Attitude 
Father's Education to Attitude 
Mother's Education to Attitude 
Prior Achievement to Attitude 
Frequency of Homework to Attitude 
Time on Homework to Attitude 
Correction/Homework to Attitude 
Television to Attitude 
Classroom to Achievement 
Teacher to Achievement 
Father's Education to Achievement 
Mother's Education to Achievement 
Ability to Achievement 
Prior Achievement to Achievement 
Frequency/Homework to Achievement 
Time on Homework to Achievement 
Correction/Homework to Achievement 
Television to Achievement 
. 278 (.083) 
.085(•052) 
• 055(.049) 
• 034(.056) 
• 111(.051) 
• 038(.044) 
• 001(.040) 
.024(.045) 
.001(.002) 
.046 (.049) 
.061(.048) 
.048(.033) 
.018(.028) 
.117(.080) 
.113(.071) 
.Oil(.054) 
.002(.060) 
» 025(.062) 
.001(.004) 
.026(.066) 
.082(.065) 
.015(.045) 
.009(.038) 
3.349* 
1.635 
1.122 
.607 
2.176* 
.864 
.025 
.533 
.500 
.939 
1.271 
1.455 
.643 
1.463 
1.592 
.204 
.033 
.403 
.250 
.394 
1.262 
. 333 
.237 
the males, the x22 was 1-67 and the probability level was 
0.434. 
The path from attitudes to science to achievement in 
science was significant for both the groups: it was 0.236 
for the females and 0.473 for the males. However, the path 
from achievement in science to attitudes to science was not 
significant for both the groups; it was -0.013 for the 
females and 0.068 for the males. (The values given are 
standardized.) 
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4.8 The Effect of Achievement in Science on Attitudes to 
Science 
An alternative model in which achievement in science 
influenced science attitudes (rather than attitudes 
affecting achievement) was tested. The path from attitudes 
to science was removed, leaving only the path from 
achievement in science to attitudes to science. 
This model resulted in *24 = 15.89 with a probability 
level of 0.003 for the females. The model for the males 
yielded a y23 = 48.10, and a probability level of 0.000. 
The low probability levels implied that the model of 
educational productivity was not consistent with the data. 
4.9 Hypothesis of Spurious Correlation 
The correlation between the endogenous variables, 
attitudes to science and achievement in science could be due 
to the fact that they had all the exogenous variables as 
common causes. This hypothesis was tested with a model in 
which no paths were specified between attitudes to science 
and achievement in science, paths specified between all the 
exogenous variables to both the endogenous variables, and 
the specification of a free and symmetric matrix of equation 
errors in the structural relationship between the endogenous 
and exogenous variables. This hypothesis of spurious 
correlation was rejected because the error in the 
structural equation from achievement in science to attitudes 
to science (t-value was 4.141) was significant. This study 
therefore showed that the causal chain was from attitudes to 
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science to science achievement and not the reverse. The 
model was also nonrecursive. 
4.10 Model with Path from Motivation to Attitudes to Science 
Removed 
It was found that the path from motivation to attitudes 
to science had the highest coefficient. To determine if 
there was multicollinearity involving motivation, the path 
from motivation to science was removed. However, the model 
for the females had a xz5 of 304.92, and a probability level 
of 0.000. The males had a *24 value of 304.63, and a 
probability level of 0.000. The models were not consistent 
with the data. 
4.11 Analysis bv Ability 
To determine if the effect of motivation on attitudes 
to science was dependent on ability, both the gender groups 
were divided into 3 groups according to ability. The path 
coefficients for the motivation parameter are shown in Table 
4.23. The differences between the three ability groups of 
the same gender were determined and so were the standard 
errors of the differences. The t-values (given by the ratio 
of the difference and the standard error of difference) of 
all the groups were found to be not significant. These 
values are shown in Table 4.24. 
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Table 4.23 
Analysis by Ability: Maximum Likelihood Estimates for 
Parameter from Motivation to Attitude 
Group 
(By Ability) 
Unsealed 
Solution 
Standardized 
Solution 
Female: 
Below Average 
.786 (.069) .703 
Average 
.709 (.060) .639 
Above Average 
.734 (.056) .675 
Male: 
Below Average 
.614 (.059) .635 
Average 
.714 (.065) .663 
Above Average 
.742 (.058) .725 
Table 4.24 
Motivation Parameter: 
Differences between the Different Ability Groups 
Group Difference 
(Std Error) 
t 
Female: 
Above Average - Average .025 (.082) .305 
Above Average - Below Average .052(.089) .584 
Average - Below average .077(.091) .846 
Male: 
Above Average - Average .028(.087) .322 
Above Average - Below Average .128(.083) 1.542 
Average - Below average .100(.088) 1.136 
There might be an interaction of ability with 
motivation, but the effect was small. Another way to test 
for interaction is to introduce a product variable (the 
motivation score times the ability score) and examine the 
significance. However, LISREL cannot estimate the standard 
error of the interaction coefficient correctly. 
116 
4.12 Variation Accounted 
The squared multiple correlations (which are measures 
of the strength of linear relationships) for y1 (attitudes 
to science instrument) and y2 (science achievement test) 
were 0.965 and 0.698 respectively for the females. For the 
males, they were 0.779 and 0.694 respectively. The total 
coefficient of determination, a measure of the strength of 
several relationships jointly, for the y variables was 0.989 
for the females and 0.929 for the males. The squared 
multiple correlations for the observed variables reflected 
the reliabilities of the instruments. The total coefficient 
of determination for the y variables was high. Since the 
values should be between 0 and 1, these large values 
indicated that the observed variables were reasonably good 
measurement instruments for the latent variables. 
The squared multiple correlations for the structural 
equations indicate the proportion of variance in the 
endogenous variables accounted for by the variables in the 
structural equations. The squared multiple correlations for 
each structural equation for attitudes to science and 
science achievement were 0.724 and 0.699 respectively for 
the females? for the males, they were 0.870 and 0.663 
respectively. The total coefficient of determination for 
the structural equations was 0.913 for the females and 0.952 
for the males. This high value is an indication of a good 
proportion of variance in the endogenous variables accounted 
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for by the variables in the structural equations, and that 
the model is good. 
4•13 Total Effects of the Exogenous Variables on Achievement 
in Science 
The influence of some exogenous variables on 
achievement in science was mediated by attitudes to science. 
Some exogenous variables directly influenced achievement in 
science while other variables had both an indirect and a 
direct effect on achievement in science. The total effects 
were computed, and Table 4.25 shows all the total effects of 
these variables on achievement in science which were 
significant for both the gender groups. 
Table 4.25 
Total Effects on Achievement in Science 
(Standardized Solution) 
Parameters Females Males 
Attitude 
.231 .483 
Peer ——— 
-.042 
Motivation 
.156 .330 
Classroom 
.288 .225 
Teacher “=.156 
-.208 
Ability 
.348 .353 
Prior Achievement .501 .411 
Time on Homework 
—. 116 —— 
•14 Addition of Paths to the Model 
To test the model further, paths were added to the 
model (page 72) from motivation to achievement, peer 
influence to achievement, home environment to achievement, 
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and ability to attitudes to science, one at a time. All the 
path coefficients were found to be not significant, 
confirming that the hypotheses used in the conceptualization 
of the model could not be rejected. Thus motivation, peer 
influence, and home environment influenced attitudes to 
science directly. However, only motivation had a large, 
positive, and significant effect on attitudes to science; 
its effect on achievement in science was mediated by 
attitudes to science. Ability did not have a significant 
direct effect on attitudes to science; its effect on 
achievement in science was direct, and was not mediated by 
attitudes to science. 
4.15 Parsimonious Models 
The models for both the gender groups (Table 4.21) 
showed that some path coefficients did not meet the criteria 
of statistical significance. These paths were fixed to zero 
and the models were reestimated. 
For the females, the parsimonious model had x2)8 — 18.12 
with a probability level 0.447. The goodness of fit index 
was 0.994, and the adjusted goodness of fit index was 0.961, 
while the root mean square residual was 0.010. The Q-plot 
was steeper than the diagonal line. Thus the parsimonious 
model does not contradict the data. 
After fixing non-significant paths to zero, the males 
had *2i6 ~ 18.18 with a probability level 0.314. The 
goodness of fit index was 0.995, and the adjusted goodness 
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of fit index was 0.960, while the root mean square residual 
was 0.054. The Q-plot was steeper than the diagonal line. 
Thus, the parsimonious model fits the data. 
The maximum likelihood estimates (standardized 
solution) for the parameters for the parsimonious models for 
both the gender groups are shown in Table 4.26. 
Table 4.26 
Parsimonious Models: 
Maximum Likelihood Estimates (Standardized Solution) 
(Significant Paths Marked with Asterisks) 
Parameters Females Males 
Attitude to Achievement 
Peer Influence to Attitude 
Motivation to Attitude 
Classroom Environment to Attitude 
Teacher to Attitude 
Home Environment to Attitude 
Father's Education to Attitude 
Mother's Education to Attitude 
Prior Achievement to Attitude 
Frequency of Homework to Attitude 
Time on Homework to Attitude 
Correction of Homework to Attitude 
Television to Attitude 
Classroom Environment to Achievement 
Teacher to Achievement 
Father's Education to Achievement 
Mother's Education to Achievement 
Ability to Achievement 
Prior Achievement to Achievement 
Frequency of Homework to Achievement 
Time on Homework to Achievement 
Correction of Homework to Achievement 
Television to Achievement 
.229* 
.000 
.695* 
.278* 
.000 
.000 
.000 
® 000 
-.073* 
.000 
.000 
.000 
.000 
.243* 
-.161* 
.000 
.000 
.347* 
.531* 
.000 
-.119* 
.000 
.000 
.518* 
-.089* 
.676* 
.293* 
.201* 
.000 
.000 
.000 
.000 
.000 
.104* 
-.073* 
.000 
.000 
-.268* 
.000 
.000 
.366* 
.410* 
.000 
.000 
.000 
.000 
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4.16 Summary of Analyses 
The results of the analyses of different models are 
summarized in Table 4.27. 
Table 4.27 
Summary of Analyses 
df x2 P 
Females 4 3.19 0.527 
Males 3 2.10 0.551 
Nonrecursive 
Females 
Models: 
3 3.16 0.368 
Males 2 1.67 0.434 
Achievement to Attitude Path: 
Females 4 15.89 0.003 
Males 3 48.10 0.000 
Models with Motivation to Attitude 
Path Removed 
Females 
• 
• 
5 304.92 0.000 
Males 4 304.63 0.000 
Parsimonious 
Females 
Models: 
18 18.12 0.447 
Males 16 18.18 0.314 
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CHAPTER 5 
DISCUSSION 
The results in chapter 4 indicated that home 
environment, father's education, mother's education, the 
frequency of science homework assigned, and the amount of 
television watched were not significant exogenous variables 
in the model for both the female and male groups. In the 
female group, peer influence and the correction of homework 
were also not significant. 
The most significant exogenous variable was motivation, 
followed by prior achievement, ability, classroom 
environment, the perception of the science teacher, and the 
time spent on homework for both the groups. For the male 
group, the least significant exogenous variable was the 
correction of homework followed by peer influence. 
There were differences in the model for the two groups? 
two separate path diagrams for significant paths for the 
causal model of educational productivity were required. The 
magnitudes of the path coefficients differed in varying 
degrees between the two groups. More variables exerted a 
significant influence on the science learning outcomes of 
» 
the boys than of the girls? there were 8 significant 
exogenous variables for the males, and 6 out of these 8 were 
also the significant exogenous variables for the females. 
Comparing the coefficients of the parameters for the 
two groups, it was found that two paths were significantly 
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different - the path from attitudes to science to 
achievement in science, and the path from the perception of 
the teacher to attitudes to science. The other paths were 
not significantly different. (See Table 4.22.) The 
attitudes towards science of the boys influenced their 
achievement in science more than the girls'. The boys' 
perception of their science teacher influenced their 
attitudes to science more than the girls'. 
From Table 4.20, it can be seen that the perception of 
the science teacher raised the boys' attitudes to science 
significantly. The girls' attitudes were also raised 
although the effect was not significant. The path from 
perception of the science teacher to science achievement was 
negative for both females and males. The effect was the 
same for both groups (near -0.2) since for boys, the direct 
effect of -0.309 was offset somewhat by a positive path from 
attitudes to achievement (0.210 x 0.483) which reduced the 
direct effect by 0.101 to -0.208. On examination, the 
negative effect of the perception of the teacher on 
achievement was not so surprising, because what was measured 
in the perception of the science teacher instrument was more 
of the science teacher's warmth and her ability to conduct 
interesting lessons and exciting experiments rather than the 
teacher's competence. A non-warm teacher might be seen as 
one that exercises discipline and control. This is good for 
learning science (positively related to achievement) but for 
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boys it reduced their interest in science. There was a 
dissonance between being warm and disciplining. 
Classroom environment was highly correlated (0.560 for 
the boys) with perception of the teacher. A teacher who is 
warm tends to have a class of interested, attention-paying 
students. The attitudes of the classmates reinforced 
interest in science in the student, and this in turn 
affected achievement. For boys, the total effect of the 
classroom environment on achievement was 0.225, which, 
together with the indirect effect from teacher to classroom 
environment to attitudes to achievement somewhat offset the 
direct effect from teacher to achievement. However, other 
factors operated so that the estimated total effect of 
teacher on achievement was -0.208 for the boys (it was - 
0.156 for the girls). 
Overall, discipline had more of an effect than warmth 
in producing high scores on science tests. Students enjoyed 
and developed good attitudes when teachers were warm and 
caring. However, the students did not make significant 
gains in achievement. It might also be that for gains in 
paper-and-pencil achievement tests, more time should be 
spent on the traditional method of drill and practice. 
For the females, the significant exogenous variables 
influencing attitudes to science were motivation, classroom 
environment, and prior achievement (in descending order of 
significance). However, prior achievement had a small, 
significant but negative effect on attitudes for the girls, 
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and no effect on attitudes for the boys. (The coefficient 
for the boys was almost the same as it was for the girls, 
but it was simply not significant.) For both groups, the 
zero-order correlation was negative. This finding could not 
be an artefact of measurement error since the error variance 
for the attitudes to science scale was taken into 
consideration for the girls, and the reliability of the 
scale was very high (0.964). Some students could have 
worked for the sole purpose of getting grades, regardless of 
their interest in the subject. On the other hand, low 
achieving students might report interest to compensate for 
their lack of achievement. Or perhaps, girls with a good 
prior achievement did not have positive attitudes to 
science, or that girls with a low prior achievement had good 
attitudes to science. 
Prior achievement, ability, and classroom environment 
had positive significant effects on achievement for the 
girls. The effects of the perception of the science 
teacher, and the time spent on homework were small and 
significant but negative. Further research is required to 
elucidate the characteristics of teachers which not only 
enhance the girls' attitudes to science, but also raise 
their achievement in science. 
The exogenous variables influencing the boys1 attitudes 
significantly were motivation, classroom environment, the 
perception of the science teacher, and the time spent on 
homework for science (in descending order of influence). 
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However, the effect of the frequency with which homework was 
corrected, and peer influence on attitudes to science for 
the boys were small and significant, but surprisingly 
negative. 
Similar results on the frequency of correction of 
homework were obtained for the girls; however, the effects 
were not significant for the girls. Perhaps, the students 
did not like the manner with which their assignments were 
corrected, or they would like more time to be given for 
completion of assignments. Whatever the actual reasons 
might be, boys simply did not like having their homework 
corrected. This is an aspect of discipline that reduced 
interest in science, but did not work directly to increase 
achievement. Actually, there was a correlation between 
corrected homework and achievement (0.132), but it was 
masked when other variables were taken into account. The 
results from this study concerning the effect of correction 
of homework on achievement contradicts what is reported in 
the literature. Earlier studies probably looked only at 
zero-order correlations, or total effects, and did not hold 
other variables constant. An experimental study on the 
frequency and nature of correction of homework with 
statistical control is imperative. 
The boys were sensitive to the attitudes of their 
peers, while the girls seemed unaffected. However, the 
problem is that the effect was negative. The peer scale was 
dominated by one item "My friends are not interested in 
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studying" (reversed). Hence, boys who were very interested 
in science tended to report, slightly, and other things 
being equal, that their friends were not interested in 
studying but were interested in science. The zero-order 
correlation was small but positive. When other factors were 
considered, such as motivation and classroom environment, 
the positive relationship disappeared, and a negative 
relationship began to emerge. This is an unexpected 
finding. The result obtained is not in accordance with 
studies which indicated that peer influence was positive and 
moderate (Walberg, 1984). Perhaps, the boys had more 
positive attitudes towards science when their friends were 
not interested in studying, or they were wrong in their 
perception of their friends* interest in studying. Or most 
probably, the negative coefficient arose as an artifact of 
not estimating the reliabilities of the scale precisely. 
The scale scores of the peer influence items were included 
as exogenous variables, without measurement error. The low 
reliability (measurement error) biased the regression 
coefficient downwards, in this case pushing it into the 
negative side. 
The time spent doing science homework had no effect on 
achievement for the boys and a negative effect for girls. 
For boys there was an effect on their attitudes. The time 
spent on doing homework should be made an endogenous 
variable in a further study. Girls with low achievement 
scores in science probably spent more time doing homework, 
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because they were slower in their work and they did not want 
to get bad grades. Boys, on the other hand, spent more time 
doing homework if they liked the subject. Boys were not as 
compulsive as the girls. This does not imply that time 
spent doing homework had no effect on achievement. The 
effects probably went both ways, but the two counteracted 
each other so that the overall observed effect was slightly 
negative for the girls, and practically zero for the boys. 
There is certainly a need to look into the quality and 
quantity of time spent on homework so that it will result in 
gains in achievement. 
The frequency with which homework was assigned, had no 
significant effects on the science learning outcomes for 
either group. 
For the males, the exogenous variables affecting 
achievement in science were prior achievement, and ability 
(in descending order of significance). However, the effect 
of the perception of the science teacher on achievement was 
negative but significant. 
Classroom environment influenced the boys' attitudes to 
science more than the girls*. However, the effect of the 
classroom environment on achievement in science for the 
girls was higher; it was not significant for the boys. The 
results of the positive effects of classroom environment on 
science learning.outcomes are in agreement with findings 
■# 
from most studies (e.g., Fraser & Fisher, 1982; Fraser, et 
al., 1987). 
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The influences of the home environment, father*s 
education, and mother's education on science learning 
outcomes were not significant for either group. This 
finding is not in agreement with some studies which placed a 
high premium on the educational stimulation and the 
emotional support of parents. It appears to be in accord 
with studies that indicated that performance in science was 
less related to home than performance in language learning. 
The education level of parents had, surprisingly, an 
insignificant effect on science learning outcomes. If 
parental education level was taken to be an indication of 
inheritance of IQ for their children and educational 
opportunity, then it appeared that these did not play an 
important role in the science performance of their children. 
The amount of television watched had a small positive 
effect on attitudes to science for the boys but a negative 
effect for the girls. Its effect on science achievement was 
negative for both the groups, as expected. However, all 
* 
these effects were not significant. 
The effect of motivation on attitudes to science was 
large and of almost the same magnitude for both the groups. 
It was found that motivation did not have a significant 
direct effect on science achievement but did have a 
significant indirect effect mediated by attitudes to 
science. Of all the exogenous variables, motivation had the 
largest path coefficient for both the gender groups. 
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The path from motivation to attitudes to science was 
removed to test for multicollinearity. The resulting models 
had large \2 values and zero p-values, which indicated that 
the models were not consistent with the data. The results 
indicated that motivation was not very strongly correlated 
with the other exogenous variables? so there was no 
multicollinearity involving motivation (i.e. its influence 
on attitudes to science was independent of the other 
exogenous variables). 
Thus, the problem with the large correlation is that 
the indicators of both the motivation and the attitudes 
scales overlapped considerably. The strongest indicator in 
the attitudes to science or interest scale was "A job 
related to science would be interesting.” Another strong 
indicator was the statement "I would enjoy being a 
scientist.'1 The two strong indicators for motivation or 
learning were "I intend to continue studying science for 
more years” and "I want to learn more about science.” These 
items had a future orientation. If items with a present or 
current interest in science (e.g., I like science lessons? I 
enjoy science lessons? I am interested in science lessons) 
were considered, the correlation with motivation would not 
be as strong. Interest might be seen as motivation, or 
motivation might be seen as a measure of the intensity of 
interest. The effect would have been much stronger if the 
measurement error in the motivation measure was taken into 
consideration. By including motivation in the model as a 
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predictor, current interest was reflected more sharply in 
the attitudes or interest variable, which is what is wanted 
in a measure of interest. 
The effect of motivation on attitudes to science for 
different ability groups was also investigated. It was found 
that there were no significant differences in the 
coefficients for the parameter from motivation to attitudes 
to science. Thus the effect of motivation on attitudes to 
science was the same for students of different abilities. 
Examination of the total effects of the exogenous 
variables on achievement in science for the females showed 
that the largest influence was prior achievement, followed 
by ability, classroom environment, motivation, time spent on 
science homework, and the perception of the science teacher. 
The last two effects were negative. 
For the males, the two largest influences were also 
prior achievement and ability. However, the third largest 
influence was motivation followed by the classroom 
environment. The perception of the science teacher and peer 
influence had negative total effects on achievement in 
science. 
For both the gender groups, the more consistent and 
powerful predictors of attitudes to science were motivation 
and the classroom environment. 
For both the gender groups, prior achievement, ability, 
motivation (mediated by attitudes to science), and the 
classroom environment (both direct and indirect effects) 
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were the more consistent and powerful predictors of 
achievement in science. 
The effects of some of the exogenous variables on 
science achievement were mediated by attitudes to science. 
It was found that the causal chain was from attitudes to 
science to science achievement, and not the reverse. 
Neither was the causal chain nonrecursive. The standardized 
solution (maximum likelihood) for the path from attitudes to 
science to achievement in science, (3Z]f was 0.483 for the 
boys, and 0.231 for the girls. This was relatively high 
compared to previous studies especially for the boys, and is 
an encouraging finding, as attitudes to science are not 
immutable. 
Science teachers can play an important role in the 
classroom by facilitating the formation and change of 
attitudes throughout students' lives. Hence, science 
teachers could increase their impact on students' 
achievement by doing more than teaching only facts and 
principles. The implication of the results is that science 
teachers cannot afford to overlook student attitudes. 
Many strategies have been used to induce the occurrence 
of desirable science-related beliefs, attitudes, and 
behaviors which involved the use of persuasive messages 
(Shrigley & Koballa, 1992; Koballa, 1992). Persuasion used 
ethically and in the context of social influence and 
learning theory can be integrated into a framework familiar 
to educators. 
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The effect of motivation on attitudes to science, and 
on science achievement mediated by attitudes to science was 
highly significant. This finding, against the backdrop of 
the other variables, is encouraging, in that a student may 
come from a disadvantaged background, but if he is motivated 
to do well in school science, the chances are that he will 
succeed in his endeavor. There is thus a tendency toward 
social equity in Singaporean schools. Personal ambition is 
an essential ingredient for success. Motivation is an 
important factor that teachers should consider in order to 
improve students * attitudes to science and thereby 
achievement in science. 
Classroom environment is another factor that teachers 
should consider as it had both a direct and indirect effect 
(mediated by attitudes to science) on achievement. 
The study also showed that ability and prior 
achievement were relatively significant exogenous variables. 
This finding is in accord with studies in which aptitude is 
among the strongest and more consistent predictors of both 
science achievement and attitude (Boulanger, 1981; Fleming 
and Malone, 1983; Bloom, 1976; Fraser et al., 1987). 
Student aptitudes may be less alterable than instruction. 
According to Walberg (1984), positive home environments and 
good instruction affected them. Therefore, teachers of 
lower ability students have to work harder to raise 
achievement in science. 
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CHAPTER 6 
CONCLUSIONS 
6.1 Summary 
Numerous factors have been reported to affect science 
learning outcomes, some of which are school, home, and 
individual or self variables. Studies have been carried out 
in many countries to identify and measure the relationships 
among perception of the science teacher, peer influence, 
home environment, parents' education level, classroom 
environment, ability, prior achievement, homework, amount of 
television watched, attitudes to science, and science 
achievement. However, there are very few studies done in 
identifying the direction of causality in these 
relationships. A study of this nature has not previously 
been conducted in Singapore. Evidence for these directional 
links was sought in this study in the Singapore context. 
This study used causal modeling procedures to test 
causal inferences about hypothesized relationships among 
ability, prior achievement, motivation, peer influence, 
classroom environment, amount of television watched, home 
environment, parents' education level, student perception of 
the science teacher, homework, attitudes to science, and 
science achievement for a secondary-two (equivalent to grade 
8) sample of Singaporean students. A model of educational 
productivity appropriate to the sociocultural context of 
Singapore was conceptualized and tested. 
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The analysis showed that the data for female and male 
students did not contradict the model. This indicated the 
viability of the model. Attitudes to science affected 
achievement in science? the converse was not true. Neither 
was the relationship two-way. Prior achievement, ability, 
motivation, classroom environment, and attitudes to science 
emerged as the significant and consistent predictors of 
achievement in science for both the groups. Motivation and 
classroom environment were the significant predictors of 
attitudes to science for both the groups while another 
predictor for the male group was the perception of the 
science teacher. It must be noted, however, that the total 
effect of perception of the science teacher on achievement 
was negative for both the groups. Concerted efforts should, 
therefore, be directed to raising the motivation level, 
improving the classroom environment, and enhancing the 
students' attitudes to science since these are the more 
important and alterable variables. 
6 •2 Suggestions for Further Studies 
In interpreting the results, it is important to keep in 
mind that the sample of students were 14-year-old 
Singaporean students, and that science learning outcomes 
were considered. Understanding the mentality and culture of 
these adolescents, and the peculiar demands of different 
subjects, helps put the interpretations of the results in 
perspective. 
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Because of time and practical constraints in data 
collection, this study has limitations. As in all studies, 
measurement errors were present. It would be desirable to 
replicate the study, to design some randomized experiments, 
and to repeat the study with different age samples so as to 
study age related trends. A study in which a chronological 
order could be imposed on the variables collected would be 
more persuasive. 
From the analysis of the results of this study, 
motivation, classroom environment, and attitudes to science 
were the more significant and alterable variables for 
science achievement. Efforts should be directed to 
generating a greater interest in science and improving the 
classroom environment, thereby enhancing the students' 
attitudes to science in order to raise the level of 
achievement in science. 
Further research is also required to elucidate the 
negative effects of the frequency of correction of homework 
on attitudes to science, perception of the'science teacher 
on achievement in science, and the time spent on science 
homework on achievement in science. Certain aspects of the 
efforts of teachers, and the effects of homework should 
contribute to gains in science learning outcomes. 
6•3 Conclusions 
The analysis showed that the data did not contradict 
the model hypothesized. The overall fit of the model was 
13 6 
good, and the relationships in the model were well 
determined, as indicated by the squared multiple 
correlations and the total coefficients of determination. 
The results obtained from this study are revealing. 
The corpus of literature on achievement and related areas, 
and the plethora of studies that have been reported, do seem 
conflicting, confounded at times by issues related to 
sampling, reliability and validity of instruments, methods 
of analysis, and measurement errors. Some of the results 
obtained in this study are not in agreement with certain 
results in the literature, which can, perhaps, be attributed 
to a peculiar culture of Singaporean students. Caution 
should be exercised when applying results of studies done in 
one country to another country where the culture is 
different. From the analysis, there emerged four highly 
significant exogenous variables, as well as the direction of 
causality for the causal chain. Concerted efforts should be 
directed to these areas to raise educational productivity in 
science. 
The analysis showed that prior achievement, ability, 
motivation, and class environment were the more significant 
exogenous variables affecting science achievement? that 
attitudes to science affected achievement in science and not 
the converse; and that this relationship was nonrecursive. 
The results indicated a surprising degree of social 
equity. Home environment and parents1 level of education 
when used in the analysis did not play any statistically 
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significant role in determining science achievement and 
attitudes to science. 
This analysis revealed potential lessons to science 
teachers, school administrators, university educators, and 
policy makers. Since motivation, classroom environment, and 
attitudes to science are more manipulable than ability and 
prior achievement, efforts should be directed to raising the 
motivation level of students, improving the classroom 
environment, and enhancing the students' attitudes to 
science. 
While establishing and strengthening certain attitudes 
to science has long been considered the domain of science 
educators, most of the attitudes to science held by teachers 
and students are acquired incidentally rather than as a 
result of planned efforts. It is time that science 
educators know more about attitudes and how they can be 
inculcated and modified. 
With ability and prior achievement having strong causal 
effects on science achievement, consideration and 
understanding should be given in the planning for and 
teaching of students of lower ability to not expect 
unreasonably good results. At the same time, teachers of 
lower ability students should recognize that individual 
motivation and effort, and the classroom environment can 
partially compensate for the effect of low ability and prior 
achievement. 
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TABLE OF SPECIFICATIONS FOR THE 
SCIENCE ACHIEVEMENT TEST 
Topic Remembering Understanding 
Biology 15, 20, 
25 
23, 16, 19, 21, 
22, 27 
17, 18, 
24, 26 
13 
Chemistry 1, 2, 3 
11 
* 7, 4, 5, 6, 
12, 13 
8, 9, 
10, 14 
14 
Physics 32, 33, 34 28, 29, 35, 
36, 37, 38, 
39 
30, 31, 
40 
13 
Total 12 17 11 40 
Analysis of Answer TOyg 
Answers: 10 (A)s, 10 (B)s, 10 (C)s, and 10 (D)s. 
The test was designed so that there was an equal 
distribution of answer keys to reduce response set. 
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APPENDIX B 
THE INSTRUMENTS USED IN THE STUDY 
(pocket material) 
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MICROCAT OUTPUT FOR ABILITY TEST 
Item Statistics Alternative Statistics 
Item Prop. Point Prop. Point 
No. Correct Biser 
1 0.92 0.21 
2 0.88 0.32 
3 0.97 0.396 
4 0.83 0.50 
5 0.81 0.53 
Biser. Alt. Endor. 
0.12 A 0.06 
B 0.92 
C 0.01 
D 0.01 
E 0.00 
Other 0.00 
0.20 A 0.01 
B 0.88 
C 0.06 
D 0.03 
E 0.02 
Other 0.00 
0.16 A 0.01 
B 0.01 
C 0.00 
D 0.97 
E 0.00 
Other 0.00 
0.34 A 0.83 
B 0.01 
C 0.12 
D 0.02 
E 0.01 
Other 0.01 
0.37 A 0.10 
B 0.81 
C 0.01 
D 0.06 
E 0.02 
Other 0.00 
Biser. Biser. Key 
-0.12 -0.06 
0.21 0.12 
-0.31 -0.09 
-0.31 -0.08 
-0.17 -0.03 
-9.00 -9.00* 
-0.23 -0.07 
0.32 0.20 
-0.21 -0.11 
-0.40 -0.15 
-0.14 -0.05 
-0.10 -0.01 
-0.48 -0.13 
-0.19 -0.05 
-0.48 -0.08 
0.40 0.16 
-0.32 -0.05 
0.00 0.00 
0.50 0.34 
-0.33 -0.07 
-0.50 -0.31 
— 0.26 -0.10 
0.09 0.02 
-0.20 -0.05 
-0.30 -0.17 
0.53 0.37 
-0.39 -0.11 
-0.58 -0.29 
-0.31 -0.10 
0.29 0.04 
as ”9.00 will be printed for any value that cannot 
be computed. 
Continued on the next page. 
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6 0.84 0.45 
7 0.23 
8 0.78 
9 0.60 
10 0.78 
11 0.98 
12 0.68 
0.30 
0.33 0.24 
0.43 0.31 
0.42 0.33 
0.42 0.30 
0.32 0.10 
0.37 0.28 
0 A 0.03 -0.34 -0.13 
B 0.03 -0.40 -0.16 
C 0.08 -0.34 -0.19 
D 0.84 0.45 0.30 
E 0.02 -0.19 -0.06 
Other 0.00 -0.03 -0.00 
4 A 0.51 -0.13 -0.10 
B 0.12 -0.16 -0.10 
C 0.09 -0.08 -0.05 
D 0.03 -0.07 -0.03 
E 0.23 0.33 0.24 
Other 0.01 0.03 0.01 
l A 0.05 -0.31 -0.15 
B 0.78 0.43 0.31 
C 0.11 -0.30 -0.18 
D 0.03 -0.17 -0.06 
E 0.03 -0.30 -0.11 
Other 0.01 -0.42 -0.11 
1 A 0.60 0.42 0.33 
B 0.37 -0.37 -0.29 
C 0.01 -0.13 -0.04 
D 0.00 -9.00 -9.00 
E 0.01 -0.36 -0.10 
Other 0.00 -0.37 -0.07 
) A 0.03 -0.41 -0.16 
B 0.07 
-0.43 -0.23 
C 0.10 -0.16 -0.10 
D 0.01 -0.26 -0.07 
E 0.78 0.42 0.30 
Other 0.01 -0.27 -0.07 
i A 0.01 -0.34 -0.08 
B 0.00 
-0.23 -0.03 
C 0.00 -9.00 -9.00 
D 0.98 0.32 0.10 
E 0.01 -0.23 -0.05 
Other 0.00 -9.00 -9.00 
A 0.03 -0.06 -0.03 
B 0.04 -0.25 -0.11 
C 0.68 0.37 0.28 
D 0.22 -0.29 -0.21 
E 0.02 -0.23 -0.08 
Other 0.01 -0.23 -0.06 
Continued on the next page. 
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13 0.88 
14 
15 
16 
17 
18 
19 
0.31 
0.76 
0.54 
0.43 
0.44 
0.79 
0.39 
0.18 
0.34 
0.40 
0.46 
0.32 
0.49 
0.24 A 0.88 0.39 0.24 
B 0.06 -0.32 -0.16 
C 0.05 -0.34 -0.16 
D 0.01 -0.24 -0.06 
E 0.00 -0.17 -0.03 
Other 0.00 -0.14 -0.03 
0.14 A 0.31 0.18 0.14 
B 0.05 -0.25 -0.12 
C 0.01 -0.25 -0.07 
D 0.51 0.00 0.00 
E 0.11 -0.15 -0.09 
Other 0.01 -0.14 -0.04 
0.25 A 0.10 -0.28 -0.16 
B 0.00 -0.21 -0.02 
C 0 o 02 -0.06 -0.02 
D 0.76 0.34 0.25 
E 0.13 -0.26 -0.16 
Other 0.00 -9.00 -9.00 
0.32 A 0.54 0.40 0.32 
B 0.06 -0.28 -0.14 
C 0.01 -0.09 -0.02 
D 0.38 -0.31 -0.24 
E 0.02 -0.19 -0.06 
Other 0.00 -0.16 -0.02 
0.37 A 0.21 -0.08 -0.06 
B 0.22 -0.26 -0.18 
C 0.02 -0.30 -0.11 
D 0.11 -0.36 -0.21 
E 0.43 0.46 0.37 
Other 0.01 -0.05 -0.01 
0.26 A 0.03 -0.09 -0.03 
B 0.34 -0.22 -0.17 
C 0.44 0.32 0.26 
D 0.02 -0.05 -0.02 
E 0.17 -0.14 -0.09 
Other 0.01 -0.14 -0.04 
0.34 A 0.08 -0.44 -0.24 
B 0.79 0.49 0.34 
C 0.08 -0.29 -0.16 
D 0.03 -0.32 -0.13 
E 0.01 -0.19 -0.05 
Other 0.00 -9.00 -9.00 
Continued on the next page. 
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20 0.62 0.39 
21 0.88 
22 0.88 
23 0.78 
24 0.82 
25 0.83 
26 0.79 
0.39 
0.33 
0.35 
0.31 
0.58 
0.36 
.31 A 0.09 
B 0.06 
C 0.20 
D 0.62 
E 0.04 
Other 0.00 
.24 A 0.01 
B 0.01 
C 0.88 
D 0.05 
E 0.05 
Other 0.00 
<
 
o
 
CM
 0.00 
B 0.00 
C 0.10 
D 0.01 
E 0.88 
Other 0.00 
25 A 0.01 
B 0.01 
C 0.11 
D 0.78 
E 0.08 
Other 0.00 
21 A 0.82 
B 0.05 
C 0.01 
D 0.01 
E 0.10 
Other 0.00 
39 A 0.15 
B 0.00 
C 0.01 
D 0.01 
E 0.83 
Other 0.00 
25 A 0.02 
B 0.79 
C 0.10 
D 0.00 
E 0.09 
Other 0.00 
-0.22 -0.12 
-0.34 -0.17 
-0.27 -0.19 
0.39 0.31 
-0.01 -0.00 
-9.00 -9.00 
-0.08 -0.02 
-0.38 -0.11 
0.39 0.24 
-0.27 -0.12 
-0.32 -0.15 
-0.52 -0.10 
-0.37 -0.07 
-0.29 -0.04 
-0.26 -0.15 
-0.36 -0.11 
0.33 0.20 
”0.19 -0.03 
-0.39 -0.11 
“0.40 -0.12 
-0.27 -0.17 
0.35 0.25 
-0.14 -0.08 
-0.46 -0.08 
0.31 0.21 
-0.12 -0.06 
-0.59 -0.18 
-0.12 -0.03 
-0.23 -0.14 
-0.42 -0.06 
-0.54 "0.36 
-9.00 -9.00 
-0.52 -0.11 
-0.33 -0.07 
0.58 0.39 
-0.36 -0.07 
-0.19 -0.07 
0.36 0.25 
-0.38 
-0.22 
-0.42 -0.07 
-0.15 -0.08 
-0.09 -0.01 
* 
* 
* 
* 
* 
* 
* 
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27 0.89 
28 0.74 
29 0.77 
30 0.51 
31 0.98 
32 0.51 
33 0.96 
0.30 
0.49 
0.40 
0.47 
0.28 
0.48 
0.46 
0.18 A 0.89 0.30 0.18 
B 0.00 -9.00 -9.00 
C 0.00 -1.00 -0.15 
D 0.00 -0.24 -0.04 
E 0.11 -0.27 -0.16 
Other 0.00 -9.00 -9.00 
0.36 A 0.05 -0.40 -0.19 
B 0.74 0.49 0.36 
C 0.03 -0.34 -0.14 
D 0.01 -0.22 -0.07 
E 0.16 -0.33 -0.22 
Other 0.01 -0.45 -0.10 
0.29 A 0.04 -0.24 -0.10 
B 0.01 -0.43 -0.09 
C 0.77 0.40 0.29 
D 0.12 -0.33 -0.20 
E 0.07 -0.23 -0.12 
Other 0.00 -9.00 -9.00 
0.37 A 0.30 -0.23 -0.17 
B 0.02 -0.39 -0.14 
C 0.51 0.47 0.37 
D 0.04 -0.32 -0.14 
E 0.11 -0.27 -0.17 
Other 0.02 -0.23 -0.08 
0.10 A 0.00 -0.60 -0.10 
B 0.98 0.28 0.10 
C 0.01 -0.22 -0.05 
D 0 o 01 -0.13 -0.04 
E 0.00 -0.19 -0.03 
Other 0.00 -9.00 -9.00 
0.38 A 0.13 -0.43 -0.27 
B 0.14 -0.30 -0.19 
C 0.51 0.48 0.38 
D 0.19 -0.08 -0.06 
E 0.02 -0.11 -0.04 
Other 0.00 -0.55 -0.08 
0.20 A 0.01 -0.28 -0.08 
B 0.01 -0.89 -0.19 
C 0.01 -0.34 -0.09 
D 0.01 -0.23 -0.06 
E 0.96 0.46 0.20 
Other 0.00 -0.26 -0.05 
Continued on the next page. 
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34 0.66 0.46 
35 0.90 
36 0.99 
37 0.93 
38 0.78 
39 0.91 
40 0.81 
0.45 
0.69 
0.43 
0c 43 
0.42 
0.42 
0.36 A 0.00 -0.46 -0.05 
B 0.00 -0.16 -0.02 
C 0.05 -0.38 -0.17 
D 0.29 -0.38 -0.28 
E 0.66 0.46 0.36 
Other 0.00 -0.33 -0.06 
0.26 A 0.02 -0.42 -0.13 
B 0.01 -0.17 -0.04 
C 0.05 -0.32 -0.15 
D 0.90 0.45 0.26 
E 0.02 -0.46 -0.16 
Other 0.00 -0.09 -0.01 
0.21 A 0.00 -1.00 -0.15 
B 0.00 -0.64 -0.07 
C 0.00 -0.58 -0.09 
D 0.01 -0.51 -0.12 
E 0.99 0.69 0.21 
Other 0.00 -0.36 -0.05 
0.23 A 0.04 -0.28 -0.12 
B 0.01 -0.36 -0.09 
C 0.01 -0.53 -0.15 
D 0.01 -0.19 -0.04 
E 0.93 0.43 0.23 
Other 0.01 -0.49 -0.11 
0.31 A 0.02 -0.29 -0.10 
B 0.02 -0.27 -0.10 
C 0.78 0.43 0.31 
D 0.12 -0.35 -0.21 
E 0.04 -0.27 -0.11 
Other 0.02 -0.17 -0.06 
0.24 A 0.02 -0.54 -0.18 
B 0.01 -0.37 
-0.09 
C 0.05 -0.27 
-0.13 
D 0.01 
-0.19 -0.05 
E 0.91 0.42 0.24 
Other 0.00 -0.35 -0.07 
0.29 A 0.05 -0.27 
-0.13 
B 0.06 
-0.29 
-0.15 
C 0.81 0.42 0.29 
D 0,04 
-0.30 
-0.14 
E 0.02 
-0.22 
-0.07 
Other 0.02 
-0.29 
-0.10 
* 
* 
* 
* 
* 
* 
* 
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41 0.88 0.40 0.25 A 0.88 0.40 0.25 * 
B 0.03 -0.26 -0.10 
C 0.09 -0.34 -0.19 
D 0.01 -0.44 -0.12 
Other 0.00 -9.00 -9.00 
42 0.87 0.49 0.31 A 0.04 -0.36 -0.16 
B 0.01 -0.29 -0.07 
C 0.87 0.49 0.31 * 
D 0.08 -0.44 -0.24 
Other 0.00 -9.00 -9.00 
43 0.86 0.43 0.27 A 0.04 -0.34 -0.15 
B 0.86 0.43 0.27 * 
C 0.07 -0.30 -0.16 
D 0.02 -0.39 -0.14 
Other 0.00 -9.00 -9.00 
44 0.92 0.35 0.19 A 0.04 -0.19 -0.08 
B 0.04 -0.33 -0.14 
C 0.01 -0.59 -0.13 
D 0.92 0.35 0.19 * 
Other 0.00 -0.58 -0.06 
45 0.90 0.40 0.24 A 0.02 -0.38 -0.14 
B 0.07 -0.30 -0.16 
C 0.90 0.40 0.24 * 
D 0.01 -0.35 -0.10 
Other 0.00 -9.00 -9.00 
46 0.93 0.49 0.27 A 0.00 -0.39 -0.07 
B 0.05 -0.38 -0.18 
C 0.02 -0.61 -0.19 
D 0.93 0.49 0.27 * 
Other 0.00 -0.03 -0.00 
47 0.95 0.63 0.30 A 0.00 -0.39 -0.07 
B 0.03 -0.53 -0.21 
C 0.02 -0.53 -0.18 
D 0.95 0.63 0.30 * 
Other 0.00 -1.00 -0.11 
48 0.89 0.50 0.30 A 0.06 -0.31 -0.16 
B 0.89 0.50 0.30 * 
C 0.03 -0.58 -0.22 
D 0.01 -0.46 -0.14 
Other 0.00 -9.00 -9.00 
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49 0.94 0.60 
50 0.96 0.60 
0.31 A 0.94 0.60 0.31 
B 0.01 -0.70 -0.19 
C 0.04 -0.46 -0.21 
D 0.01 -0.61 -0.15 
Other 0.00 0.03 0.00 
0.28 A 0.02 -0.47 -0.16 
B 0.01 -0.49 -0.15 
C 0.96 0.60 0.28 
D 0.01 -0.58 -0.16 
Other 0.00 -9.00 -9.00 
Scale Statistics 
Scale: 0 
N of Items 50 
N of Examinees 900 
Mean 39.477 
Variance 24.103 
Std. Dev. 4.909 
Skew 
-0.598 
Kurtosis 0.347 
Minimum 18.000 
Maximum 49.000 
Median 40.000 
Alpha 0.734 
SEM 2.531 
Mean P 0.790 
Mean Item-Tot. 0.266 
Mean Biserial 0.421 
Scale Statistics 
Scale: 0 
N of Items 42 
N of Examinees 900 
Mean 32.690 
Variance 21.498 
Std. Dev. 4.637 
Skew 
-0.608 
Kurtosis 0.347 
Minimum 12.000 
Maximum 42.000 
Median 33.000 
Alpha 0.734 
SEM 2.389 
Mean P 0.778 
Mean Item-Tot. 0.292 
Mean Biserial 0.452 
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ITEM PARAMETER ESTIMATION OF THE ABILITY TEST 
The number of items was 42 
The key was: 
BBDABDEBAEDCAADAECBDCEDAEBABCCBCEEDEECECACBDCDDBAC 
The numbers of alternatives were: 
55555555555555555555555555555555555555554444444444 
The inclusion specifications were: 
NYNYYYYYYYNYYNYYYYYYYYYNYYNYYYNYYYYYYYYYYYYNYYYYYY 
The number of examinees was 900 
Progress Through the Data From File \ABILITY.DAT 
Maximum loops = 10 
On loop 1 the maximum parameter change was 1.66608 
On loop 2 the maximum parameter change was 0.35512 
On loop 3 the maximum parameter change was 0.24957 
On loop 4 the maximum parameter change was 0.34912 
On loop 5 the maximum parameter change was 0.27205 
**4 • WARNING *** Item 16 failed to converge on loop 
On loop 6 the maximum parameter change was 0.21872 
On loop 7 the maximum parameter change was 0.13720 
On loop 8 the maximum parameter change was 0.18635 
On loop 9 the maximum parameter change was 0.18024 
On loop 10 the maximum parameter change was 0.08194 
6. 
Final Parameter Estimates for Data From File A:ABI.DAT 
Item a b c N Chi square df 
1 
2 0.400 
Item Deleted->- 
-2.715 0.210 900 22.352 17 
3 
4 0.716 
Item Deleted —— 
-1.315 0.240 900 24.503 17 
5 0.767 -1.097 0.250 900 33.501 17 
6 0.623 -1.469 0.260 900 29.187 17 
7 0.680 2.071 0.130 900 23.716 17 
8 0.575 -1.028 0.260 900 18.137 17 
9 0.627 0.258 0.280 900 17.752 17 
10 0.512 -1.174 0.260 900 29.982 17 
Continued, on the next page. 
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Final Parameter Estimates for Data From File A:ABI.DAT 
Item a b C N Chi square df 
11 
12 0.472 
-0.242 0.290 900 21.737 17 
13 0.472 -2.418 0.210 900 21.968 17 
14 
15 0.415 
-1.154 0.240 900 23.479 17 
16 2.274 0.870 0.380 900 19.525 17 
17 1.850 0.949 0.270 900 13.694 17 
18 1.571 1.355 0.340 900 17.288 17 
19 0.888 
-0.626 0.360 900 30.534 17 
20 0.602 0.213 0.290 900 5.826 17 
21 0.545 -2.138 0.210 900 16.363 17 
22 0.452 -2.527 0.210 900 14.794 17 
23 0.410 -1.541 0.210 900 11.293 17 
24 “-Item Deleted-— 
25 0.723 -1.374 0.200 900 24.493 17 
26 0.440 -1.371 0.250 900 16.053 17 
27 
--Item Deleted-— — 
28 0.716 -0.644 0.260 900 8.582 17 
29 0.490 -1.260 0.210 900 14.195 17 
30 1.175 0.833 0.330 900 18.709 17 
31 
--— Item Deleted -- — 
32 2.276 0.789 0.330 900 16.489 17 
33 0.664 -3.000 0.230 900 15.456 17 
34 0.666 -0.283 0.220 900 20.576 17 
35 0.542 -2.503 0.200 900 19.840 17 
36 1.245 -2.803 0.200 900 14.174 17 
37 0.829 -2.215 0.220 900 12.741 17 
38 0.598 -1.143 0.230 900 12.002 17 
39 0.710 
-2.116 0.210 900 25.196 17 
40 0.510 -1.587 0.190 900 34.619 17 
41 0.478 -2.285 0.250 900 29.306 17 
42 0.661 -1.805 0.220 900 15.555 17 
43 0.552 -1.849 0.250 900 26.082 17 
44 
--- Item Deleted - 
45 0.517 -2.411 0.230 900 20.747 17 
46 0.711 
-2.304 0.230 900 40.061 17 
47 1.156 -2.001 0.260 900 17.958 17 
48 0.758 -1.796 0.260 900 8.576 17 
49 1.011 -2.039 0.220 900 27.608 17 
50 1.136 -2.118 0.280 900 9.404 17 
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MICROCAT OUTPUT FOR SCIENCE ACHIEVEMENT TEST 
Item Statistics Alternative Statistics 
Item 
No. 
Prop. 
Correct Biser 
Point 
Biser . Alt. 
Prop. 
Endor. Biser. 
Point 
Biser. Key 
1 0.68 0.23 0.18 A 0.04 -0.22 -0.10 
B 0.25 -0.16 -0.12 
C 0.01 -0.20 -0.06 
D 0.68 0.23 0.18 * 
Other 0.01 -0.16 -0.04 
2 0.90 0.38 0.22 A 0.01 -0.21 -0.06 
B 0.02 -0.37 -0.13 
C 0.06 -0.32 -0.16 
D 0.90 0.38 0.22 * 
Other 0.00 -9.00 -9.00 
3 0.64 0.35 0.27 A 0.64 0.35 0.27 * 
B 0.11 -0.13 -0.08 
C 0.14 -0.20 -0.13 
D 0.08 -0.34 -0.19 
Other 0.02 -0.15 -0.05 
4 0.58 0.27 0.21 A 0.58 0.27 0.21 * 
B 0.33 -0.13 -0.10 
C 0.06 -0.32 -0.16 
D 0.03 -0.33 -0.13 
Other 0.00 -0.11 -0.02 
5 0.73 0.45 0.34 A 0.02 -0.50 -0.18 
B 0.06 -0.29 -0.15 
- C 0.18 -0.32 -0.22 
D 0.73 0.45 0.34 * 
Other 0.00 -0.23 -0.05 
6 0.71 0.29 0.22 A 0.19 -0.28 -0.20 
B 0.71 0.29 0.22 * 
C 0.03 -0.19 -0.07 
D 0.08 -0.08 -0.05 
Other 0.00 0.16 0.02 
7 0.41 0.33 0.26 A 0.19 -0.06 -0.04 
B 0.41 0.33 0.26 * 
C 0.20 -0.18 -0.13 
D 0.17 -0.21 -0.14 
Other 0.02 -0.10 -0.04 
Continued on the next page. 
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8 0.37 0.26 
9 
10 
11 
12 
13 
14 
15 
0.21 A 
B 
C 
D 
Other 
0.29 0.26 0.20 A 
B 
C 
D 
Other 
0.22 0.37 0.26 A 
B 
C 
D 
Other 
0.70 0.57 0.44 A 
B 
C 
D 
Other 
0.09 -0.12 -0.07 
0.20 -0.12 -0.09 
0.32 -0.12 -0.10 
0.37 0.26 0.21 
0.01 -0.02 -0.01 
0.29 0.26 0.20 
0.22 -0.25 -0.18 
0.30 0.18 0.13 
0.18 -0.30 -0.21 
0.00 0.21 0.03 
0.60 -0.16 -0.12 
0.22 0.37 0.26 
0.11 -0.17 -0.10 
0.06 -0.16 -0.08 
0¥00 0.22 0.04 
0.06 -0.46 "0.23 
0.70 0.57 0.44 
0.19 "0.40 -0.28 
0.06 -0.34 -0.17 
0.00 -0.16 -0.03 
0.88 0.55 0.34 A 0.03 "0.41 -0.17 
B 0.04 -0.49 -0.21 
C 0.88 0.55 0.34 
D 0.05 -0.40 -0.20 
Other 0.00 -0.12 
-0.02 
0.63 0.49 0.38 A 0.06 
B 0.08 
C 0.23 
D 0.63 
Other 0.00 
“0.37 "0.18 
"0.34 -0.19 
-0.28 -0.20 
0.49 0.38 
-0.44 -0.07 
0.46 0.47 0.38 A 
B 
C 
D 
Other 
0.37 0.29 0.23 A 
B 
C 
D 
Other 
0.36 
-0.25 -0.19 
0.10 
-0.29 
-0.17 
0.46 0.47 0.38 
0.07 
-0.33 
-0.17 
0.01 -0.11 
-0.03 
0.37 0.00 0.00 
0.09 
-0.13 
-0.08 
0.37 0.29 0.23 
0.17 
-0.34 
-0.23 
0.00 
-0.22 
-0.04 
Continued on the next page. 
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16 0.67 0.37 0.29 A 
B 
C 
D 
Other 
17 0.44 0.27 0.21 A 
B 
C 
D 
Other 
18 0.82 0.37 0.25 A 
B 
C 
D 
Other 
19 0.71 0.50 0.38 A 
B 
C 
D 
Other 
20 0.31 0.36 0.27 A 
B 
C 
D 
Other 
21 0 o 40 0.20 0.16 A 
B 
C 
D 
Other 
22 0.71 0.36 0.27 A 
B 
C 
D 
Other 
23 0.37 0.37 0.29 A 
B 
C 
D 
Other 
0.67 0.37 0.29 ★ 
0.23 -0.30 -0.21 
0.04 -0.28 -0.12 
0.06 -0.19 -0.10 
0.00 0.16 0.02 
0.05 -0.41 -0.20 
0.04 -0.41 -0.19 
0.46 -0.07 -0.06 
0.44 0.27 0.21 * 
0.00 0.27 0.04 
0.15 -0.31 -0.20 
0.82 0.37 0.25 * 
0.02 -0.33 -0.11 
0.01 -0.36 -0.09 
0.00 -9.00 -9.00 
0.05 -0.46 -0.22 
0.16 -0.31 -0.21 
0.71 0.50 0.38 * 
0.07 -0.31 -0.16 
0.00 -0.25 -0.04 
0.15 -0.11 -0.07 
0.40 -0.16 -0.12 
0.14 -0.17 -0.11 
0.31 0.36 0.27 * 
0.00 -0.28 -0.04 
0.16 -0.27 -0.18 
0.40 0.20 0.16 * 
0.42 -0.04 -0.03 
0.02 0.06 0.02 
0.00 -0.14 -0.02 
0.12 -0.26 -0.16 
0.71 0.36 0.27 * 
0.08 -0.29 -0.16 
0.08 -0.16 -0.09 
0.00 -9.00 -9.00 
0.02 -0.14 -0.05 
0.37 0.37 0.29 * 
0.05 -0.19 -0.09 
0.56 -0.30 -0.23 
0.00 0.27 0.05 
Continued on the next page. 
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24 0.64 0.26 
25 
26 
27 
28 
29 
30 
31 
0.65 0.47 
0.52 0.49 
0.79 0.47 
0.73 0.36 
0.67 0.32 
0.13 “0.07 
CHECK THE KEY 
A was specified 
D works better 
0.27 0.38 
0.20 A 0.20 
-0.25 -0.18 
B 0.64 0.26 0.20 
C 0.03 
-0.22 -0.09 
D 0.13 -0.05 -0.03 
Other 0.00 
-9.00 -9.00 
0.36 A 0.65 0.47 0.36 
B 0.07 
-0.41 -0.22 
C 0.07 
-0.33 -0.17 
D 0.21 
-0.26 -0.18 
Other 0.00 0.08 0.01 
0.39 A 0.32 -0.33 -0.25 
B 0.13 -0.27 -0,17 
C 0.52 0.49 o:'39 
D 0.02 '-0.30 -0.11 
Other 0.00 
-0.28 -0.04 
0.34 A 0.05 
-0.28 -0.13 
B 0.10 
-0.36 -0.21 
C 0.79 0.47 0.34 
D 0.06 
-0.37 
-0.19 
Other 0.00 
-0.14 
-0.02 
0.27 A 0.19 
-0.23 
-0.16 
B 0.04 
-0.30 
-0.13 
C 0.04 
-0.32 
-0.14 
D 0.73 0.36 0.27 
Other 0.00 
-0.20 
-0.04 
0.25 A 0.03 
— 0.36 
-0.14 
B 0.09 
-0.24 
-0.13 
C 0.67 0.32 0.25 
D 0.21 
-0.19 
-0.13 
Other 0.00 
-0.02 
-0.00 
"0.04 A 0.13 
-0.07 
-0.04 
B 0.23 
-0.12 
-0.08 
C 0.19 
-0.23 
-0.16 
, D 0.44 0.30 0.24 
Other 0.02 
-0.24 
-0.08 
0.28 A 0.33 
-0.20 
-0.16 
B 0.23 
-0.15 
-0.11 
C 0.27 0.38 0.28 
D 0.16 
-0.04 
-0.02 
Other 0.02 0.04 0.01 
* 
* 
* 
* 
•k 
* 
* 
* 
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32 0.52 0.11 
33 
34 
35 
36 
37 
38 
39 
0.31 0.36 
0.67 0.28 
0.45 0.43 
0.59 0.46 
0.63 0.47 
0.09 A 0.01 -0.24 -0.07 
B 0.52 0.11 0.09 
C 0.05 -0.21 -0.10 
D 0.42 -0.04 -0.03 
Other 0.00 -9.00 -9.00 
0.27 A 0.31 0.36 0.27 
B 0.03 -0.35 -0.14 
C 0.11 0.10 0.06 
D 0.56 -0.30 -0.24 
Other 0.00 -9.00 -9.00 
0.22 A 0.28 -0.20 -0.15 
B 0.67 0.28 0.22 
C 0.03 -0.38 -0.16 
D 0.02 -0.12 -0.04 
Other 0.00 "0.20 -0.04 
0.34 A 0.08 
-0.23 -0.13 
B 0.08 -0.28 -0.16 
C 0.39 
—0.24 -0.19 
D 0.45 0.43 0.34 
Other 0.00 
-0.25 -0.04 
0.36 A 0.59 0.46 0.36 
B 0.06 
-0.24 -0.12 
C 0.21 
-0.30 -0.21 
D 0.14 
-0.29 -0.19 
Other 0.00 0.04 0.01 
0.37 A 0.16 
-0.23 “0.15 
B 0.09 
-0.47 
-0.27 
C 0.63 0.47 0.37 
D 0.12 
-0.22 -0.13 
Other 0.00 
-0.31 
-0.05 
* 
★ 
* 
* 
* 
* 
0.63 0.39 0.31 A 0.14 
B 0.02 
C 0.63 
D 0.20 
Other 0.00 
-0.26 -0.17 
-0.23 -0.08 
0.39 0.31 * 
-0.28 -0.19 
-9.00 -9.00 
0.71 0.34 0.25 A 0.07 
B 0.05 
C 0.71 
D 0.17 
Other 0.00 
-0.28 -0.15 
-0.14 -0.07 
0.34 0.25 * 
-0.24 -0.16 
-9.00 -9.00 
Continued on the next page. 
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40 0.41 0.32 0.25 A 0.41 0.32 0.25 
B 0.29 
-0.06 -0.04 
C 0.11 
-0.35 -0.21 
D 0.20 
-0.14 -0.10 
Other 0.00 
-9.00 -9.00 
* 
Scale Statistics 
Scale: 0 
N of Items 40 
N of Examinees 900 
Mean 22.318 
Variance 24.481 
Std. Dev. 4.948 
Skew 
-0.059 
Kurtosis 
-0.246 
Minimum 6.000 
Maximum 36.000 
Median 22.000 
Alpha 0.671 
SEM 2.837 
Mean P 0.558 
Mean Item-Tot. 0.268 
Mean Biserial 0.355 
Scale Statistiins 
Scale: 0 
N of Items 36 
N of Examinees 900 
Mean 20.589 
Variance 23.442 
Std. Dev. 4.842 
Skew 
-0.027 
Kurtosis 
-0.392 
Minimum 6.000 
Maximum 33.000 
Median 21.000 
Alpha 0.693 
SEM 2.682 
Mean P 0.572 
Mean Item-Tot. 0.293 
Mean Biserial 0.387 
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ITEM PARAMETER ESTIMATION OF THE SCIENCE ACHIEVEMENT TEST 
The number of items was 36 
The key was: 
DDAADBBDABBCDCCADBCDBBBBACCDCACBABDACCCA 
The numbers of alternatives were: 
4444444444444444444444444444444444444444 
The inclusion specifications were: 
NYYYYYYYYYYYYYYYYYYYNYYYYYYYYNYNYYYYYYYY 
The number of examinees was 900 
Progress Through the Data From File \SCIENCE.DAT 
Maximum loops = 10 
*** WARNING ** 
*** WARNING ** 
On loop 1 the 
On loop 2 the 
On loop 3 the 
*** WARNING ** 
On loop 4 the 
On loop 5 the 
On loop 6 the 
*** WARNING ** 
On loop 7 the 
On loop 8 the 
On loop 9 the 
On loop 10 the 
* Item 
* Item 
maximum 
maximum 
maximum 
* Item 
maximum 
maximum 
maximum 
* Item 
maximum 
maximum 
maximum 
maximum 
9 failed 
33 failed 
parameter 
parameter 
parameter 
34 failed 
parameter 
parameter 
parameter 
24 failed 
parameter 
parameter 
parameter 
parameter 
to converge 
to converge 
change was 
change was 
change was 
to converge 
change was 
change was 
change was 
to converge 
change was 
change was 
change was 
change was , 
on loop 
on loop 
1.46555 
1.32389 
0.33847 
on loop 
0.84884 
0.41695 
0.24637 
on loop 
0.12717 
0.30615 
0.25025 
0.25102 
1 
1 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
Parameter Estimates for Data From File \SCIENCE.DAT 
a b C N Chi square df 
0.519 
Item Deleted —= 
-2.391 0.280 900 17.053 17 
0.492 -0.128 0.260 900 23.238 17 
0.727 1.416 0.460 900 13.908 17 
0.796 -0.247 0.380 900 14.258 17 
0.434 -0.115 0.380 900 29.307 17 
0.617 1.432 0.250 900 21.936 17 
0.690 2.239 0.300 900 24.585 17 
0.661 2.572 0.230 900 19.925 17 
1.433 1.733 0.150 900 10.712 17 
1.037 -0.431 0.210 900 14.541 17 
1.859 -1.317 0.110 900 44.626 17 
0.728 -0.490 0.040 900 46.345 17 
1.324 0.690 0.240 900 24.306 17 
1.121 2.039 0.320 900 18.266 17 
0.715 0.294 0.410 900 7.881 17 
0.435 1.856 0.280 900 28.727 17 
0.560 -1.272 0.320 900 17.350 17 
0.683 -0.679 0.190 900 21.136 17 
0.602 1.729 0.150 900 14.563 17 
0.481 
Item Deleted ——— 
-0.395 0.330 900 12.109 17 
0.566 1.366 0.160 900 18.767 17 
0.412 0.377 0.360 900 20.565 17 
1.253 0.289 0.390 900 15.226 17 
1.709 0.600 0.310 900 11.571 17 
0.706 -1.091 0.220 900 11.927 17 
0.461 -0.600 0.310 900 13.983 17 
0.413 -0.250 0.290 900 11.889 17 
—— Item Deleted -—— 
1.346 1.722 0.200 900 17.451 17 
—-Item Deleted -—-- 
0.638 1.903 0.180 900 23.710 17 
0.414 0.063 0.350 900 23.856 17 
0.923 1.017 0.270 900 15.103 17 
0.962 0.636 0.380 900 6.652 17 
0.749 0.017 0.260 900 12.142 17 
0.573 0.156 0.310 900 17.943 17 
0.469 -0.460 0.300 900 13.831 17 
0.576 1.760 0.270 900 22.859 17 
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TESTING EQUALITY OF COVARIANCE MATRICES 
Test 1 
Testing Equality of Covariance Matrices of X 
Group: Fema1es 
DA NG=2 NI=15 N0=411 
CM FI=A:GIRLS.CM 
LA 
P X2 X3 X4 X5 X6 X7 X8 X9 X1° X11 X12 X13 X14 X15 
MO NX=13 NK=13 LX=ID TD=ZE 
OU 
Testing Equality of Covariance Matrices of X 
Group: Males 
DA NO=445 
CM FI=A:BOYS.CM 
LA 
^ X2 Xi X2 X3 X4 X5 x« X7 X8 X9 XI0 Xll X12 X13 X14 X15 
MO PH=IN 
OU 
Test 2 
Testing Equality of Covariance Matrices of Y 
Group: Females 
DA NG=2 NI=15 NO-411 
CM FI=A:GIRLS.CM 
LA 
MO NY-51MP2 5XT* “ « X? X8 X9 X1° X11 X12 X13 X14 X15 MO NY=2 NE=2 LY-ID TE-ZE 
OU 
Testing Equality of Covariance Matrices of Y 
Group: Males 
DA NO=445 
CM FI=A:BOYS.CM 
LA 
MO PS=IN X2 X3 X4 X5 X6 X? X8 X9 X1° X11 X12 X13 X14 X15 
OU 
165 
Test 3 
Testing Equality of Covariance Matrices of X and Y 
Group: Females 
DA NG=2 NI=15 N0=411 
CM FI=A:GIRLS.CM 
LA 
Y1 Y2 XI X2 X3 X4 X5 X6 X7 X8 X9 X10 Xll X12 X13 X14 X15 
MO NX—13 NK=13 LX=ID TD=ZE NY=2 NE=2 LY=ID TE=ZE GA=FI 
OU 
Testing Equality of Covariance Matrices of X and Y 
Group: Males 
DA NO=445 
CM FI=A:BOYS.CM 
LA 
Y1 Y2 XI X2 X3 X4 X5 X6 X7 X8 X9 X10 Xll X12 X13 X14 X15 
MO PH=IN PS=IN GA=IN 
OU 
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THE LISREL INPUT FILE: FEMALES 
Model of Educational Productivity for Females 
DA NI=15 N0=411 
CM FI=A:GIRLS 6.CM 
LA 
Y1 Y2 XI X2 X3 X4 X5 X6 X7 X8 X9 X10 Xll X12 X13 X14 X15 
MO NY=2 NX=13 FI NE=2 BE=FU PS=DI LY=ID TE=FI 
FR BE 2 1 
FI GA 2 1 GA 2 2 GA 2 5 GA 1 8 
VA .2794 TE 2; VA .0330 TE 1 
LE 
ATT ACH 
LK 
PEER MOT CLASS TR HOME FED MED APT PSLE FREQ HSC COR TV 
OU SE TV MI RS EF MR SS AD=OFF 
% 
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THE LISREL INPUT FILE: MALES 
Model of Educational Productivity for Males 
DA NI=15 NO=445 
CM FI=A:BOYS6.CM 
LA 
Y1 Y2 XI X2 X3 X4 X5 X6 X7 X8 X9 X10 Xll X12 X13 X14 X15 
MO NY=2 NX=13 FI NE=2 BE=FU PS=DI LY=ID TE=FI 
FR BE 2 1 
FI GA 2 1 GA 2 2 GA 1 8 GA 2 5 
VA .3181 TE 2 
FR TE 1 
LE 
ATT ACH 
LK 
PEER MOT CLASS TR HOME FED MED APT PSLE FREQ HSC COR TV 
OU SE TV MI RS EF MR SS AD=OFF 
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Section A 
Instructions: For each of the following incomplete sentences, 
select a word from the list of 5 options (A, B, C, D, or E) wnic 
will make the sentence complete and sensible. 
Example: 
Sight is to eye as taste is to » 
A)nose B)mouth C)tongue D)chew E)swallow 
C is the correct answer so C is blackened on the Answer Sheet. 
Answer Sheets @ (S) ® ® 
1. Hat is to head as shoe is to __ » 
A)leg B)foot C)walk D)toe E)heel 
2. Uncle is to aunt as son is to __ « 
A)father B)daughter C)sister D)mother E)girl 
3. Book is to library as money is to ___• 
A)cash B)savings C)coins D)bank E)deposit 
4. Bake is to cake as boil is to _ 
A)noodles B)eat C)cook D)grill E)kitchen 
5. Tre*a is to bark as cat is to _ 
A)purr B)fur C)dog D)kitten E)feline 
6„ Sight is to colour as taste is to _• 
A)eating B)tongue C)appetite D)flavour E)meal 
7. Determination is to persevere as courage is to . 
A)bravery B)persist C)daring D)endanger E)dare 
8. Arrival is to invasion as departure is to __ 
A)approach B)evacuation C)reception D)invitation E)war 
9. Ugliest is to prettier as cleanest is to 
A)dirtier B)dirtiest C)cleaner D)clean E)dirty 
D)anger E)amusement 
F MASS/AMHERST LIBRARY 
10. Yawn is to boredom as smile is to 
A)laugh B)expression C)grimace 
11. Grass is to green as sky is to 
A)cloud B)sun C)red D)blue E)rain 
12. Bell is to ring as horn is to 
A)music B)loud C)sound D)car E)motor 
13. All is to none as full is to 
A)empty B)much C)top D)dry E)bottom 
14. Bird is to fly as squirrel is to . 
A)jump B)nut C)pet D)run E)swing 
15. Cold is to freeze as warm is to 
A) fire B) ice C)nice D)xnelt E)dry 
Instructions: For each of the following sentences, you are to 
choose from among five pairs of words to fill the blanks. The 
fl5SLWOrd of the Pair goes in the first blank of the sentence 
and the second word of the pair goes in the second blank of the 
sentence. 
Example: 
_____ is to answer as ask is to 
A) yes - demand 
B) question - know 
C) yes - know 
D) question - reply 
E) chance — reply 
D is the correct answer so D is 
Answer Sheet: ® <f> © • blackened on the Answer Sheet6 © 
_____ is to cork as box is to 
A) bottle - lid 
B) wine - things 
C) wood - fight 
D) bottle - crate 
E) glass - wood 
2 
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_ is to pea as shell is to 
A) green - brown 
B) pod - crack 
C) green - peel 
D) green - crack 
E) pod - nut 
18. is to day as calendar is to 
A) noon - diary 
B) sun - year 
C) clock - year 
D) sun - March 
E) night - year 
19. is to verse as sculptor is to 
A) poet - artist 
B) poet - statue 
C) music - statue 
D) author - statue 
E) author — figure 
is to dark as white is to 
A) evening - snow 
B) evening - light 
C) black - snow 
D) black - light 
E) suit - snow 
Section B 
Instructions; 
marks on this 
you have been 
Select the correct answer. Do not make any 
question paper. Do your working on the rough 
given. No calculators are to be used. paper 
Example; 
84 x 65 = 
A) 4800 
B) 4920 
C) 5120 
D) 5460 
E) None of the above 
D is the correct answer, so D 
Answer Sheet; ® ® © ®”aCkeiled °n Answer slleet. 
3 
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21. If 3a + b = 5, then 6a + 2b = _. 
A) 5/6 
B) 5/2 
C) 10 
D) 20 
E) None of the above. 
22. What number should replace the F in this multiplication 
problem? 
37F 
F x 
1855 
A) 1 
B) 3 
C) 5 
D) 15 
E) None of the above 
23. 3.69 t 0.03 = 
A) 0.00123 
B) 0.123 
C) 1.23 
D) 123 
E) None of the above 
24. What number can replace the two question marks? 
_2_ = J? 
? 72 
A) 12 
B) 6 
. C) 3 
D) 2 
E) None of the above 
25. ”6(5) (-4) = ___ 
A) ”120 
B) -60 
C) 15 
D) 60 
E) None of the above 
26. Hours Minutes Seconds 
5 35 40 
3 25 30 + 
A) 10 h 0 min 0 s 
B) 9 h 1 min 10 s 
C) 8 h 60 min 70 s 
D) 2 h 10 min 10 s 
E) None of ' the above 
4 
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27. J 225 = 
A) 15 
B) 14 
C) 13 
D) 12 
E) None of the above 
28. 30 = 75 % of 
A) 22.5 
B) 40 
C) 100 
D) 105 
E) None of the above 
29. (1/4 l - 3) - 1/4 = 
A) 1/48 
B) 3/16 
C) 1/3 
D) 3 
E) None of the above 
30. (4347 f 845) + (820 
(749 X 820) + (4347 f 845) 
A) 0 
B) 1/2 
C) 1 
D) 2 
E) None of the above 
Instructions: For each of the following number series, select one 
of the five numbers (A , B, c, D, E) 
Example • © 
1 6 2 6 3 
A) 3 B) 4 C) 5 
The correct 
Answer Sheet 
answer 
: ® 
is C 
<D so • C is 
31 c 8 12 16 20 
A) 22 B) 24 C) 28 
32 • 36 28 24 22 
A) 18 B) 20 C) 21 
6 
D) 6 
4 
E) 7 
6 
D) 32 E) 36 
D) 22 E) 26 
5 
• OF MASS/AMKERST (IBRAVT 
33. 26 62 25 52 24 42 23 
A) 12 B) 21 C) 22 D) 25 E) 32 
34. 4 5 7 8 11 12 ■p • 
A) 9 B) 10 C) 13 D) 14 E) 16 
35. 7 10 9 12 11 • 
A) 10 B) 12 C) 13 D) 14 E) 15 
36. 32 31 34 33 36 •> • 
A) 30 B) 32 C) 33 D) 34 E) 35 
Instructions: Find the relationship between the numbers on the 
first triangle. Then select one of the following choices (A, B, 
C, D, E) which is the most appropriate for the second triangle. 
Example: 
A) 8 B) 12 C) 15 D) 32 E) 36 
The correct answer is A so A is blackened on the Answer Sheet 
Answer Sheet: ® ® © ® 4) 
37. 
A) 9 B) 10 C) 11 D) 14 E) 15 
6 
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38. 
A) 13 B) 14 C) 21 D) 36 
39. 
A) 15 B) 30 C) 60 D) 90 
40. 
E) 72 
E) 120 
A) 16 B) 20 C) 27 D) 31 E) 14 0 
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Section C 
Instructions: Find the relationship between the first pair 
of figures and select one of the four choices which would best 
complete the second pair of figures. 
Example: 
C is the correct answer so c is blackened on the Answer Sheet. 
Answer Sheet: @ (b) |p @ 
41 • 
8 
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SCIENCE ACHIEVEMENT TEST 
Choose the best answer. Answer all the items. 
Blacken the appropriate circle for your answer. 
Erase completely any answer you wish to change and 
blacken another. 
1. Which of the following substances is soluble in water? 
A) soil 
B) starch 
C) grease 
D) copper sulphate 
2• A true solution does not show Tyndall effect because the 
solute particles are too 
A) far apart. 
B) close together. 
C) large to scatter light. 
D) small to scatter light. 
3. Which one of the following conversion reactions represents a 
physical change only? 
A) dry ice -> carbon dioxide gas 
B) solid carbon ----> carbon dioxide gas 
C) ferric chloride -> ferric hydroxide 
D) calcium carbonate -—> carbon dioxide 
4. Which one of the following is the correct order for the 
purification of water? 
A) sedimentation, filtration, chlorination 
B) filtration, sedimentation, chlorination 
C) sedimentation, chlorination, filtration 
D) chlorination, filtration, sedimentation 
5. A glowing match was dropped into a dry gas jar containing one 
gas only. The match (but not the gas) caught fire. The gas in 
the gas jar was most likely 
A) carbon dioxide. 
B) nitrogen. 
C) hydrogen. 
D) oxygen. 
6. Gold and sand become separated in running water because 
of their difference in 
A) solubility in water. 
B) density. 
C) hardness. 
D) streak. 
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7. A copper coin was badly tarnished with copper carbonate. 
Which one of the following solutions would be most efficient 
in cleaning the coin with a minimum of damage to it? 
A) sodium chloride solution 
B) dilute sulphuric acid 
C) concentrated nitric acid 
D) potassium nitrate solution 
8. A piece of magnesium is burnt in carbon dioxide. 
Which of the following will occur? 
A) The metal reacts without evolution of gas. 
B) A vigorous reaction accompanied by black specks and white 
ash. 
C) A dazzling white flame accompanied by white ash. 
D) The flame splutters accompanied by white ash and black 
specks. 
9. Which one of the following tests would be of least help in 
determining whether an element is a metal or non-metal? 
A) Determine the density of the element. 
B) Test an oxide of the element to see if it is acidic or 
basic. 
C) Observe the effect of firmly striking a sample of the 
element with a hammer. 
D) Observe the effect of passing an electric current through 
a sample of the element. 
10. A method of obtaining oxygen which involves only physical 
change is 
A) electrolysis of water. 
B) distillation of liquid air. 
C) decomposition of mercuric oxide. 
D) decomposition of hydrogen peroxide. 
11. Some pupils were doing an investigation to find out how two 
different gases reacted with one another. 
They knew that the temperature and pressure might make a 
difference to the reaction. One pupil thought that the 
substance of which the container was made would also matter. 
To find out if she was correct, they could do one of the 
following experiments in the list below. 
Which is the one test you think they should do? 
A) Use different containers and different temperatures, 
but always keep the pressure the same. 
B) Use different containers, but always keep the temperature 
the same, and the pressure the same. 
C) Use the same container all the time, but alter both the 
temperature and the pressure. 
D) Use different containers and different pressures, but 
always keep the temperature the same. 
14 
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The next three questions refer to the following information: 
Universal indicator changes colour according to whether the 
particular solution to which it is added is acidic, basic or 
The range of colours of Universal indicator is aiven in 
Table 1. ^ 
Table 1 
Colour of 
Indicator 
Red Yellow Green Blue Purple 
0ran9e Violet 
Nature of 
Solution 
4— Strongly Acidic Neutral " 1 Basic ■■»■■■ Strongly —* 
Acidic Basic 
Universal indicator was shaken with solutions of oxides of a 
number of elements in water and the different coloured solutions 
obtained are given in Table 2. 
Table 2 
Oxide Colour of Universal Solution 
sodium oxide 
magnesium oxide 
sulphur oxide 
iron oxide 
calcium oxide 
phosphorus oxide 
carbon oxide 
hydrogen oxide 
violet 
blue 
red 
blue/green 
purple 
red 
orange 
green 
12. Which one of the following elements forms a neutral oxide? 
A) calcium c) hydrogen 
B) carbon D) phosphorus 
13. Which one of the following elements forms the most basic 
oxide? 
A) sulphur 
B) hydrogen 
C) iron 
D) sodium 
14 When Universal indicator was added to a mixture of solutions 
of two of the oxides in Table 2, the resulting colour was - 
green. The substances in the two solutions could have been 
A) magnesium oxide and hydrogen oxide. 
B) sulphur oxide and carbon oxide. 
C) sulphur oxide and calcium oxide. 
D) sodium oxide and magnesium oxide. 
15 
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15. Arteries are defined as vessels carrying 
A) oxygenated blood. 
B) deoxygenated blood. 
C) blood away from the heart. 
D) blood towards the heart. 
16. Which one of the following places the structures of the 
digestive system in their correct order? 
A) mouth, oesophagus, stomach, small intestine, 
large intestine, rectum, anus. 
B) mouth, oesophagus, stomach, large intestine, 
small intestine, rectum, anus. 
C) mouth, stomach, oesophagus, small intestine, 
large intestine, rectum, anus. 
D) mouth, oesophagus, stomach, large intestine, 
small intestine, anus, rectum. 
17. The diagrams below represent different types of cells. 
cfil\ 
Which two of the above diagrams represent typical plant 
cells? 
A) I and II C) II and IV 
B) II and III D) III and IV 
16 
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18. Which of the following would most closely represent a 
balanced meal? 
A) Potatoes, cereal, bread, and bananas 
B) Steak, bread, carrots, and milk 
C) Poultry, steak, and fish 
D) Hamburger and coke 
19. Which of the following would least upset the balance of 
animal and plant life in a small area? 
A) Burning a forest 
B) Constructing a dam 
C) Broadcasting radio waves 
D) Killing all hawks, owls, and vultures in the area 
The next two questions refer to the following information: 
The graph below shows the effect of light intensity on carbon 
dioxide uptake and release by leaves of a plant. 
20. Point P on the graph represents the conditions under which, 
for the leaves of the plant 
A) there is no photosynthesis nor respiration. 
B) there is no photosynthesis, but there is respiration. 
C) there is no respiration, but there is photosynthesis. 
D) the rate of photosynthesis equals the rate of respiration. 
21. The most likely reason for the graph levelling off between Q 
and R is that, for the leaves of the plant, there is 
insufficient 
A) oxygen. C) light. 
B) carbon dioxide. D) nitrogen. 
17 
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The next two questions refer to the following information: 
The following diagram represents a marine food web. 
22. If the population of Crustacea was reduced through over¬ 
fishing^ which one of the following is most likely to occur? 
A) An increase in the number of small fish. 
B) A decrease in the number of small fish. 
C) A decrease in the number of zooplankton. 
D) A decrease in the number of phytoplankton. 
23. The main energy source in the food web would be 
A) zooplankton. C) Crustacea. 
B) phytoplankton. D) decomposers. 
24. Mailing wants to find out what might affect the length of 
bean seedlings. She places a bean wrapped in moist tissue 
paper in each of ten identical test tubes. She puts five 
tubes in a rack in a sunny window. She puts the other five 
tubes on a rack in a dark refrigerator. She measures the 
lengths of the bean seedlings in each group after one week. 
Which of the following factors might affect the length of 
the bean seedlings? 
A) Temperature and moisture 
B) Light and temperature 
C) Moisture and length of test tubes 
D) Light and amount of time 
18 
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25. A concentrated solution of salt water will kill grass if 
poured on to it. The grass dies because the salt water 
A) causes the dehydration of plant cells. 
B) enters the leaves and prevents photosynthesis. 
C) prevents air from entering the spaces in the soil. 
D) enters the roots and blocks the conducting vessels. 
The next two questions refer to the following information: 
A student tried to dissolve some starch in boiling water and the 
result was a cloudy mixture. When he added iodine solution to 
some of the cloudy mixture, it turned blue black in colour. He 
added some saliva from his mouth to some of this cloudy mixture 
and after about twenty minutes the mixture became clear. He then 
added a few drops of iodine solution to the clear solution and 
observed no change in colour. 
26. The cloudy starch mixture became clear because 
A) the saliva was acidic and dissolved the starch. 
B) the iodine solution neutralised the saliva. 
C) the saliva changed the starch to another substance. 
D) the iodine solution changed the starch to another 
substance. 
27. When saliva from a dog was added to some of the cloudy starch 
mixture, it remained cloudy. This most probably indicates 
that dog saliva 
A) is similar to human saliva in its effect upon starch. 
B) contains a starch-digesting enzyme. 
C) lacks a starch-digestive enzyme. 
D) contains a sugar-digesting enzyme. 
28. Whenever scientists carefully measure any quantity 
many times, they expect that 
A) all of the measurements will be exactly the same. 
B) only two of the measurements will be exactly the same. 
C) all but one of the measurements will be exactly the same. 
D) most of the measurements will be close but not exactly the 
same. 
e 
29. A solid cube, with a side of 10 cm has a mass of 11,500 
grams. The volume of the cube is closest to 
C) 1,000 cm 
D) 10,000 cm 
A) 10 cm 
B) 100 cm 
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30. If a man of mass W kg lifts his body an average of d cm at 
each step, then the approximate number of units of work done 
in walking 25 steps is approximately given by the expression 
A) _2.5dW C) 100W 
100 25d 
B) D) 25dW 
25 
31. The diagram below represents a lever with a load in the 
position shown. 
< 3 m-^ ^ 
<-0.5 m»—} 
The best estimate of the maximum load someone of mass 60 kq 
can lift with this lever is 
A) 12 k<? C) 300 kg 
B) 90 k<? D) 360 kg 
32. 
The three solid objects shown above have the same volume. 
If they float as shown in the diagram, which one weiqhs 
the most? 
A) Object A 
B) Object B 
C) Object C 
D) More information is required for the question. 
33. A five-kilogram rock is dropped from a cliff 500 metres hiah 
The longer the rock falls, the greater is its 
A) speed 
B) volume 
C) total energy 
D) potential energy. 
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34. Most: of the chemical energy of the petrol burned in a car 
is not used to move the car but is changed into 
A) electricity. 
B) heat. 
C) magnetism. 
D) sound. 
35. Mercury can be enclosed in a glass to make a thermometer 
because mercury 
A) is a metal. 
B) is more dense than glass. 
C) conducts heat better than glass. 
D) expands more than glass when both are heated together. 
36. Which of the following is true of hot water as compared with 
cold water? 
A) It is less dense. 
B) It is easier to see through. 
C) It has more free oxygen dissolved in it. 
D) It has more free hydrogen dissolved in it. 
37. Ahmad wonders what affects the time it takes ice cubes to 
melt. He thinks that the size of the ice cubes, temperature 
of the room, and the shape of the ice cube are all factors 
that might affect the melting time. He finally decides to 
test the hypothesis that the shape of an ice cube affects the 
time it takes to melt. Which design should Ahmad select to 
test his hypothesis? 
A) Use five ice cubes, each with a different shape and 
weight. Use five identical containers, all at the same 
temperature. Observe the melting time of the ice cubes. 
B) Use five ice cubes, all having the same shape, but each 
having a different weight. Use five identical containers, 
all at the same temperature. Observe the melting time of' 
the ice cubes. 
C) Use five ice cubes, all having the same weight, but each 
haying a different shape. Use five identical containers, 
all at the same temperature. Observe the melting time of 
the ice cubes. 
D) Use five ice cubes, all having the same weight, but each 
having a different shape. Use five identical containers, 
each at a different temperature. Observe the melting time 
of the ice cubes. 
38. A tight metal screw-top on a bottle may be loosen when it has 
been dipped for a short time in hot water. This is because 
A) the seal inside the screw-top expands. 
B) the water lubricates the screw thread. 
C) the metal in the top expands more than the glass of the 
bottle. 
D) the contents of the bottle expand and exert a force on 
the screw-top. 
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39. The diagram below represents a boy facing a mirror holding a, 
large letter R upside down. 
The image of the letter that the boy sees in the mirror is 
A) R, C) If 
B> 5S D) 
40. The diagram below represents an electric circuit containing 
five light bulbs connected to batteries. 
If the lights are switched on and then a single bulb 
filament burns out the rest of the bulbs will 
A) go out. 
B) glow more brightly. 
C) glow less brightly. 
D) remain the same. 
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ATTITUDES INSTRUMENT 
selfPSi^eabcuth^ieXerCise is to find out what you your- 
toe aJfnfrl? ^ and scho°l- This is not a test. 
each of the statements^s^hat^is13 ’ Y?ur franJc opinion of 
confidential. at 1S re<3uired/ and will be kept 
Answer all the items 
_ -■ ■ ,- fiwae write your answers 
question^aper?8"63^  °° ^ S£ 
Choose only one answer which best 
For each statement, choose 
describes your feeling. 
1 
2 
3 
4 
5 
if you Strongly Disagree with the statement-' 
if you Disagree with the statement; 
if you are Not Sure; 
if you Agree with the statement; 
if you Strongly Agree with the statement. 
Example; 
I like eating crabs. 
s^saivs*; “i, ssrrSi 
CD © <2> © 
L"S!nC/?oo1S.tI„Ch*"5a- *M W*®- 
«*• th. first r.spS5l.tsiVlL«s"?o°yo“1’ °"* 
m mmmm mm 
1. I like science lessons. 
2. I like to do well in science. 
3. Studying science is easy. 
4. I do not like to study. 
5. People should study science. 
6. I hope to have a science-related career. 
7. I would like to visit the zoo. 
8. I work towards getting a good career. 
9. I would enjoy being a scientist. 
10. I do not like to do well in my studies. 
11. Science experiments are boring. 
12. I study science when not required. 
13. I enjoy science lessons. 
14. I try to answer the science teacher's questions. 
15. I feel science improves our lives. 
16. I intend to continue studying science for more years. 
17. I have ability in science. 
18. I do not try my best in science classes. 
19. I do not discuss science with friends. 
20. I do my science homework. 
21. I would like to work as a scientist. 
22. I want to learn more about science. 
« 
23. Doing science experiments is dull. 
24. I like to do well in life. 
25. Science classes are fun. 
26. Besides the science textbook, I read other science materials. 
27. Science is doing more harm than good. 
28. I do not do my science homework. 
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29. I think science lessons are easy. 
30. I like to continue my studies after 'O' level. 
31. I would like to hear talks on science. 
32. Whatever problems I may have, I will do my best in learning 
science. 
33. A career in science would be interesting. 
34. I like my school. 
35. I prefer to do experiments than read about them. 
36. I do not like the students in my school. 
37. I am not interested in science. 
38. Overall, I like the teachers in my school. 
39. We should use science to help fight against diseases. 
40. I think that I will do well in science. 
41. X do not like to go to the Science Centre. 
42. A job related to science would be interesting. 
43. X am interested in science lessons. 
44. X feel that science helps to make life unpleasant. 
45. X think X have done well in science tests. 
46. X enjoy watching science programmes on TV. 
47. Science is a boring subject. 
48. We should use science to help overcome food shortages. 
49. Science lessons are easy compared to other lessons. 
50. X would like to join a science club or society. 
51. There should be less science lessons in school. 
52. X think people could save electricity with a knowledge of 
science. ^ 
53. Science classes make me feel confident as a student. 
54. X like reading books about science during my holidays. 
55. I like reading science articles in magazines/newspapers. 
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56. A scientific job is a boring way to earn a living. 
57. I pay more attention in science classes than in other 
classes. 
58. More money should be spent by the government to improve 
knowledge in science. 
59. Finding out information from books is better than doina 
experiments. 
60. Science lessons give me less satisfaction compared to other 
61. I would like to be given a scientific instrument 
present. as a 
62. I prefer to do experiments 
same topic. 
than listen to a lesson on the 
63 . It is alright when my teacher says that she(he) is 
ask me questions to find out how much I know about 
going to 
science. 
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1. The purpose of thisjuestionnaire^^to^ind ou^what you 
tesf There are no right or wrong a£sw*£s;nyhe 
not: a resu. _affect vour marks in any 
tests'or^examinationsYour frank opinion of each of 
the statements is what is wanted. 
2 
3 
Answer all the items on the separate Answer Sheet. 
factual lllssroomrishiikeyfort^Sl£StF°r each statement, 
choose 
x if you Strongly Disagree with the statement; 
2 if you Disagree with the statement, 
3 if you are Not Sure; 
4 if you Agree with the statement; 
5 if you Strongly Agree with the statement. 
Erase completely any answer you wish to change and blacken 
another circle. 
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1. We daydream in the science class. 
2. We fool around in science class. 
3. Our science teacher treats us fairly. 
4. My classmates like one another. 
5. We do much work in the science class. 
6. Our science teacher is patient with us. 
7. The science class is fun. 
8. In our class, science problems are hard to do. 
9. Our science teacher knows the subject well. 
10. We put a lot of energy into our work. 
11. The science class is often quiet. 
12. Our science teacher shows concern for us. 
13. We make a lot of friends in this class. 
14. It is important getting a certain amount of classwork 
done. 
15. Our science teacher corrects our mistakes. 
16. Some students are not happy in science class. 
17. Only the bright students can do their science problems. 
18. Our science teacher makes science interesting. 
19. We are happy when the bell rings for end of class. 
20. Students are noisy in the science class. 
21. Our science teacher talks with each of us. 
22. It is hard to get a group together for a science project. 
23. This class is more a social hour than a place to learn 
science. 
24. Our science teacher praises us for good work. 
25. The students in my class enjoy science lessons. 
26. Most students can do their science assignments without 
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27. Our science teacher makes science experiments exciting. 
28. Sometimes, there is a discussion in the science class. 
29. During science lessons, this class is organized. 
30. Our science teacher is friendly towards us. 
31. My classmates are not interested in getting to know one 
another. 
32. We spend less time discussing science~related topics than 
other things. 
33. Our science teacher encourages us to be creative. 
34. Some of the students do not like the science class. 
35. Most of the students in my class know how to do their 
science experiments. 
36. Our science teacher makes science important to our lives. 
37. Students are encouraged to ask questions during lessons. 
38. Our science teacher considers our feelings. 
39o For science classes, there is a clear set of rules for us 
to follow. 
40. Our science teacher encourages us to study science. 
41. Most of us pay attention to what our science teacher is 
saying. 
42. Our science teacher helps us when we are having trouble 
with our work. 
43. Our science teacher tells us where we have gone wrong. 
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PUPIL DATA 
We would like your frank answers to these questions. Some of 
these questions are very sensitive. Please answer all the 
questions as this would help us very much in our study to improve 
the teaching of science and the performance of pupils in science. 
Please write down all your answers on the Answer Sheet. 
Section A 
I. School Code: 
2. Stream: _ 1 Special 2 Express 
3. School Type: __ 1 Government 
2 Aided 
3 Private 
4. Sex: __ 1 Female 2 Male 
5. Race: __ 1 Indians 
2 Malays 
3 Chinese 
4 Others 
6. Date of Birth: Year _ Month 
(For example, if your date of birth is on 4 July 1976, 
blacken the circles for 7 and 6 for Year and.7 for Month.) 
For questions 7-9, choose only 1 answer from the list below: 
0 = None 
1 = Less than 1 hour per day 
2 = Between 1 and 2 hours per day 
3 = Between 2 and 3 hours per day 
4 = Between 3 and 4 hours per day 
5 = Between 4 and 5 hours per day 
6 = Between 5 and 6 hours per day 
7 = More than 6 hours per day 
7. How many hours of TV do you watch on the average per day? 
8. How much time do you spend on homework for all school 
subjects (on the average)? 
9. How much time do you spend on homework for science (on the 
average)? 
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For questions 10 & 11, choose only 1 answer from the list below: 
1 = never 
2 = seldom 
3 = sometimes 
4 = often 
5 = always 
10. How often is homework for science given to you? 
11. Is your homework for science corrected and given marks or 
comments or grades? 
Section B 
Peer Influence 
For questions 12-18, choose only one answer from the list below: 
1 = strongly disagree 
2 = disagree 
3 = no opinion 
4 = agree 
5 = strongly agree 
12. Mixing with friends make me study science. 
13. I only like to play games with my friends. 
14. My friends are interested in activities which are not related 
to studies. 
15. My friends are interested in getting a good career. 
16. My friends are interested in science. 
17. I spend much time with my friends. 
18. My friends are not interested in studying. 
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Section C 
Home Environment 
For questions 19-37, choose only 1 answer from the list belows 
1 = never 
2 = seldom 
3 = sometimes * 
4 = often 
5 = always 
19. Do your parents/guardian guide you in your studies? 
20. Do your parents/guardian discuss your school results? 
21. Do you talk to your parents/guardian about everyday events? 
22. Do you talk to your parents/guardian about school? 
23. Are your parents/guardian interested in your studies? 
24. Do your parents/guardian want you to do well in school? 
25. Do your parents/guardian encourage you to do well in school? 
26. Do your parents/guardian encourage you to read materials 
besides your textbooks? 
27. Do your parents/guardian spend time with you? 
28. Do your parents/guardian discuss with you about your life? 
29. Do you discuss TV programmes with your parents/guardians? 
30. Do you discuss about your friends with your parents/ 
guardians? 
31. Do you make plans for family outings? 
32. Do your parents/guardian read books/magazines? 
33. Do your parents/guardian check your homework? 
34. Do your parents/guardian tell you to do homework? 
35. Do your parents/guardian love you? 
36. Do your parents/guardian show their affection to you? 
37. Are your parents/guardian patient with you? 
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For questions 38 & 39, choose only l answer from the list below: 
1 = Did not complete Primary Six 
2 = Did not complete Secondary Four 
3 = Completed Secondary Four 
4 = Completed Pre-University/Polytechnic Colleges 
5 = Graduated from University 
6 = Not Applicable (i.e. do not have a mother/father) 
38» Give the higher of the ratings for your mother's education. 
39. Give the higher of the ratings for your father's education. 
For questions 40 & 41, choose only 1 answer from the list below: 
1 = English 
2 = Mandarin 
3 = Chinese Dialects 
4 = Malay 
5 = Tamil 
6 = Others 
40. What is the most frequently spoken language at home? 
41. What is the second most frequently spoken language at home? 
42. What is your religion? 
1 ~ Christianity 
2 = Islam 
3 = Hinduism 
4 = Buddhism 
5 - Taoism 
6 = Others 
43. Is there a serious illness in your family? 
Yes ~ Y 
No = N 
44. Describe the relationship between your father and mother: 
1 Divorced 1 
2 Separated (because they are not getting along well) 
3 Separated (because of the nature of work/job) 
4 Not so good 
5 Alright 
6 Good 
7 Very good 
8 Not applicable [parent(s) deceased] 
9 Not applicable [do not have parent(s)] 
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Section D 
Prior Achievement 
45. Describe your grades in school so far; 
1 = Mostly A 
2 = About half A and half B 
3 = Mostly B 
4 = About half B and half C 
5 = Mostly C 
6 = About half C and half D 
7 = Mostly D 
8 = Mostly below D 
46* Blacken the appropriate circles corresponding to your 
T - Aggregate Score for PSLE on the Answer Sheet/ 
PSLE^subi ecl/resuiVf°' bl&^en the appropriate circles for your 
LE sut)3ect results according to the following list: * 
1 = A* 
2 = A 
3 = B 
4 = C 
5 = F 
47. English 
48. 2nd Language 
49. Mathematics 
50. Science 
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